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This document is Volume I1 of a five-volume final report prepared 
by Martin Marietta Corporation, Denver Division for the National 
Aeronautics and Space Administration, Manned Spacecraft Center 
(NASA-MSC) under Contract NAS9-12359, Long-Life Assurance Study 
for Manned Spacecraft Long-Life Hardware. This study was per- 
formed with J. B. Fox, Manned Spacecraft Center, as Technical Ilon- 
itor and R. W. Burrows, Martin Marietta, as Program Manager. Ac- 
knowledgment is made to the individual contributors identified in 
each volume and to R. A. Homan and J. C. DuBuisson, Task Leaders 
for the electrical/electronic and mechanical areas, respectively. 
The five volumes submitted in compliance with Data Requirements 
List T-732, Line Item 4, are as follows: 
Volume I - Summary of Long-Life Assurance Guidelines; 
Volume I1 - Long-Life Assurance Studies of EEE Parts and 
Packaging ; 
Volume I11 - Long-Life Assurance Studies of Components; 
Volume IV - Special Long-Life Assurance Studies; 
Volume V - Long-Life Assurance Test and Study Recommendations. 
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INTRODUCTION 
A. STUDY OBJECTIVES 
The o b j e c t i v e s  s f  t h i s  Long-Life Assurance Study were t o  develop 
and document t h e  e n g i n e e r i n g  approach n e c e s s a r y  t o  a s s u r e  t h a t  
hardware s e l e c t e d  f o r  manned s p a c e c r a f t  i s  based on t h e  e x p e r i -  
ence ga ined  from t h e  manned and unmanned s p a c e  programs conducted 
t o  d a t e ,  and w i l l  meet t h e  foLlowing l o n g - l i f e  g o a l :  A f i v e - y e a r  
o p e r a t i o n a l  l i f e t i m e  g o a l  w i t h o u t  maintenance i s  c o n s i d e r e d  t h e  
minimum l o n g - l i f e  g o a l  w i t h  a  1Q-year d e s i r e d  o p e r a t i o n a l  l i f e -  
t i m e .  
B e  SCOPE 
A d e t a i l e d  e n g i n e e r i n g  s t u d y  was conducted of t h e  d e s i g n ;  a p p l i -  
c a t i o n ;  f a i l u r e  mechanisms; manufactur ing p r o c e s s e s  and c o n t r o l s ;  
s c r e e n  and burn- in  t e c h n i q u e s ;  f u n c t i o n a l ,  q u a l i f i c a t i o n  and l i f e  
t e s t i n g ;  and o t h e r  f a c t o r s  a f f e c t i n g  t h e  hardware i t e m s  under 
s t u d y *  The hardware i t ems  i n v e s t i g a t e d  a r e  l i s t e d  i n  Tab le  1. 
I n  a d d i t i o n ,  s p e c i a l  s tuci ies  of a  more g e n e r a l  n a t u r e ,  n o t  o r i e n t e d  
towards s p e c i f i c  p a r t s  o r  hardware  i t e m s ,  were a l s o  accomplished,  
The s p e c i a l  s t u d i e s  performed a r e  l i s t e d  i n  Tab le  2 .  
C .  APPROACH 
The approach inc luded  a  comprehensive review of t h e  a v a i l a b l e  tech-  
n i c a l  d a t a  and an  i n d u s t r y  su rvey  t o  e s t a b l i s h  a  b a s e l i n e  f o r  cur -  
r e n t  hardware  c a p a b i l i t y  from which improvements f o r  i n c r e a s e d  
l i f e  and r e l i a b i l i t y  g o a l s  can  b e  a s s e s s e d .  Emphasis was p laced  on 
t h e  rev iew of f a i l u r e  h i s t ~ r y  of t h e  hardware a s  used i n  NASA and 
DOD manned and unmanned s p a c e  and m i s s i l e  programs t o  a s c e r t a i n  t h e  
l i f e t i m e  and c o r r e c t i v e  measures n e c e s s a r y  t o  i n s u r e  l o n g - l i f e  
o p e r a t i o n ,  For EEE p a r t s  a  u s e r  su rvey  was performed t o  de te rmine  
unique o r  s t a t e  of t h e  a r t  procurement p r a c t i c e s  f o r  h i g h  relia- 
b i l i t y  p a r t s  i n c l u d i n g  t e s t  o r  d e s i g n  s p e s i f i c a t i o n  p r a c t i c e s .  
Many of  t h e  gssues d fscussed  a r e  c o n t r o v e r s i a l  and,  w h i l e  t h e  re- 
commended g u i d e l i n e s  a re  b e l i e v e d  t o  r e p r e s e n t  t h e  concensus 
o p i n i o n ,  i t  should be  recognized  t h a t  some g u i d e l i n e s  may r e q u i r e  
t a i l o r i n g  t o  specl fse  program c o n s t r a i n t s  and o b j e c t i v e s ,  
Tc~bte 2 List of Ward~are Items Studies 
1 )  Monol i th ic  I n t e g r a t e d  C i r c u i t s ;  
2 )  Hybrid I n t e g r a t e d  C i r c u i t s ;  
3)  T r a n s i s t o r s ;  
4) Diodes;  
5) Tantalum C a p a c i t o r s  ; 
6)  Re lays ;  
7) Switches  and C i r c u i t  Breakers ;  and 
8) E l e c t r o n i c  Packaging.  
Components (Volume 111) 
9 )  E l e c t r i c  Motors and Bear ings  ; 
10) Acce le romete rs ;  
11) Gyroscopes and Bear ings ;  
12)  Compressors and Pumps; 
13) Magnetic Tape Recorders ;  
/ 14)  Plumbing Components and Tubing ; 
15) Check Valves ;  
16) P r e s s u r e  R e g u l a t o r s  and Solenoid  Valves ;  
17)  Thermal C o n t r o l  Valves ; 
18) P r e s s u r e  Vessels and P o s i t i v e  Expuls ion Devices ;  
19 )  Ni-Cd Bat ter ies ;  and 
20) Transducers .  
Table 2 Lis t  of Special. S-tzadies (Volwne I V )  
1 )  Temperature Cycl ing a s  Employed i n  t h e  P r o d u c t i o n  Accept- 
ance  T e s t i n g  of E l e c t r o n i c  Assemblies (Black Boxes) 
2 )  A c c e l e r a t e d  T e s t i n g  Techniques 
3) E l e c t r o n i c  P a r t  Screen ing  Techniques 
4 )  I n d u s t r y  Survey of E l e c t r o n i c  P a r t  D e r a t i n g  P r a c t i c e  
5) V i b r a t i o n  L i f e  Ex tens ion  of P r i n t e d  C i r c u i t  Board Assem- 
b  l ies  
6 )  Tole rance  Funnel ing and T e s t  Requirements 
D. ORGANIZATION 
This  f i n a l  r e p o r t  i s  d i v i d e d  i n t o  f i v e  volumes f o r  convenience;  
v i z  : 
1 )  Summary of Long-Life Assurance G u i d e l i n e s ;  
2) Long-Life Assurance S t u d i e s  of EEE P a r t s  and Packaging; 
3)  Long-Life Assurance S t u d i e s  of Components; 
4) S p e c i a l  Long-Life Assurance S t u d i e s ,  and;  
5) Long-Life Assurance T e s t  and Study Recommendations. 
I n  t h i s  volume, Volume I L ,  t h e  s p e c i f i c  s t u d i e s  i d e n t i f i e d  i n  
Tab le  1 a r e  p r e s e n t e d  i n  e i g h t  s e p a r a t e  c h a p t e r s .  The g u i d e l i n e s  
d e r i v e d  i n  each s t u d y  a r e  summarized a t  t h e  beg inn ing  of each  
c h a p t e r .  The remainder  of each c h a p t e r  i s  a rev iew of t h e  d a t a  
a c c u m u l a t e d  d u r i n g  t h e  s t u d y  concern ing  L i f e  L i m i t i n g  Problems 
and S o l u t i o n s ,  T e s t  Methodology and Requirements,  and Process  
C o n t r o l  Requirements.  A recommended p a r t s  l i s t  i s  i n c l u d e d  f o r  
each s t u d y  which i s  addressed  t o  a s p e c i f i c  p a r t  type .  
The g u i d e l i n e s  and d a t a  were d e r i v e d  from surveys  o f  i n d u s t r y ,  
government a g e n c i e s ,  and t h e  l i t e r a t u r e .  The g u i d e l i n e s  p r e -  
s e n t e d  a r e  b e l i e v e d  t o  r e p r e s e n t  t h e  consensus  o f  o p i n i o n s  a s  o f  
t h i s  p u b l i c a t i o n  d a t e ,  P e r t i n e n t  m i n o r i t y  o p i n i o n s  a r e  p r e s e n t e d  
i n  t h e  t e x t s  o f  t h e  i n d i v i d u a l  s t u d i e s ,  
11. MONOLITHIC INTEGRATED CIRCUITS 
by E. J ,  S i n c l a i r  
A. INTRODUCTION 
I n t e g r a t e d  c i r c u i t s  conlprise t h e  most s i g n i f i c a n t  f a i l u r e  r i s k  
among t h e  e l e c t r o n i c  p a r t s ,  An a n a l y s i s  performed by t h e  P lann ing  
Research Corpora t ion  i n v o l v i n g  304 s p a c e c r a f t  from 4 1  programs l* 
y i e l d e d  t h e  f o l l o w i n g  f a i l u r e  r a t e s  f o r  i n - o r b i t  s p a c e c r a f t :  
P a r t  Type 
I n t e g r a t e d  C i r c u i t s  
Trans  i s  t o r s  
Diodes 
C a p a c i t o r s  
R e s i s t o r s  
F a i l u r e  ~ a t e / l 0 '  h r  
(Upper 90% Confidence) -- 
An i n d u s t r y  su rvey  conducted by M a r t i n  M a r i e t t a  ~ e r o s ~ a c e ~  devel-  
oped a c o r r o b o r a t i n g  v a l u e  of 30 f a i l u r e s / 1 0 ~  h r .  Although t h e s e  
f a i l u r e  r a t e s  (26 o r  30 f a i l u r e s  p e r  b i l l i o n  hours )  seem s m a l l ,  
t h e  chance t h a t  a 5000-logic e lement  computer,  w i t h o u t  redundancy 
w i l l  s u r v i v e  f o r  1 y r  w i t h o u t  a  f a i l u r e  i s  on ly  27% and e s s e n t i a l l y  
0% f o r  a  10-yr p e r i o d .  The r e l a t i v e l y  h i g h  f a i l u r e  r a t e  of i n t e -  
g r a t e d  c i r c u i t s ,  coupled w i t h  t h e  l a r g e  number of t h e s e  dev ices  
used i n  complex d i g i t a l  equipment j u s t i f i e s  c o n s i d e r a b l e  e f f o r t  
toward more r e l i a b l e  dev ices  a s  w e l l  a s  e x t e n s i v e  redundancy. 
-----------------------------=-=---------=--==------------------- 
* S u p e r s c r i p t s  i d e n t i f y  r e f e r e n c e s  l i s t e d  i n  s e c t i o n  N of this 
chap ter , 
This  c h a p t e r  i n c l u d e s  t h e  f a i l u r e  mechanisms, t e s  t me thodology , 
and p r o c e s s  c o n t r o l  r equ i rements  as r e l a t e d  t o  m o n o l i t h i c  i n t e -  
g r a t e d  c i r c u i t s  o n l y .  Those t o p i c s  a s  r e l a t e d  t o  h y b r i d  i n t e g r a t e d  
c i r c u i t s  are c o n t a i n e d  i n  Chapter 111. The i n f o r m a t i o n  h e r e i n  i s  
f u r t h e r  l i m i t e d  t o  s m a l l - s c a l e  i n t e g r a t e d  (SSI) c i r c u i t s  and medium- 
s c a l e  i n t e g r a t e d  (MSI) c i r c u i t s ,  g e n e r a l l y  d e f i n e d  a s  up t o  10 
e q u i v a l e n t  g a t i n g  f u n c t i o n s ,  and from 10 t o  100 e q u i v a l e n t  g a t i n g  
f u n c t i o n s ,  r e s p e c t i v e l y .  Large-sca le  i n t e g r a t e d  (LSI) c i r c u i t s  
w i t h  complexi ty  of g r e a t e r  t h a n  100 e q u i v a l e n t  g a t i n g  f u n c t i o n s  
have a l s o  been  avoided h e r e  b e c a u s e  t h e y  are a  s p e c i f i c  t o p i c  b e i n g  
i n v e s t i g a t e d  by t h e  N a t i o n a l  Aeronau t ics  and Space A d m i n i s t r a t i o n  
George C .  Marsha l l  Space F l i g h t  Cen te r  (NASA-MSFC) . 
I n  d i s c u s s i o n s  r e l a t e d  t o  f a i l u r e  mechanisms, p r o c e s s  c o n t r o l ,  and 
t e s t  methodology of i n t e g r a t e d  c i r c u i t s ,  t h e  d e s c r i p t i v e  t e rmino l -  
ogy Monolithic and SSI o r  MSI are t o t a l l y  i n s u f f i c i e n t .  F i g u r e  
1 i l l u s t r a t e s  a few of t h e  many v a r i a t i o n s  i n  p r o c e s s i n g  t h a t  have 
tremendous i n f l u e n c e  on t h e  d i s c u s s i o n s .  Fur thermore,  t h i s  r e p o r t  
i s  concerned w i t h  t h e  f u l l  t empera tu re  range ,  h e r m e t i c a l l y  s e a l e d  
t y p e  of p a r t  and i s  s p e c i f i c a l l y  n o t  i n t e n d e d  t o  i n c l u d e  p l a s t i c  
p a r t s  o r  commercial q u a l i t y  l i m i t e d  range  d e v i c e s .  

The li le expect ency  o f  proper  I y coi-istr~acted dnd a p p l i e d  i n t e g r a t e d  
c i r c u i t s  i s  g ~ e a e l y  i n  excess  u l  LO y e a r s .  F a i l u r e s  a r e  caused 
f i r s t  by dekec t s  i n t r o d u c e d  d u r i n g  manufacture  and second by e r r o r s  
i n  t e s t ,  h a n d i i n g ,  and a p p l i c d t i o n ,  Wearout i s  on ly  a  minor prob- 
l e m  t h a t  i s  a l l e v i a r e d  by d e r a t i n g ,  The g u i d e l i n e s  t h a t  fo l low w i l l  
e n a b l e  use of i n t e g r a t e d  s i r c u i t s  1qitl1 minimum p r o b a b i l i t y  of de- 
Lects  and a p r a c t i c a l l y  i n d e f i n i t e  s e r v i c e  l i f e .  
1) Use p h o s p h o s i l i c a t e  g l a s s  o v e r  t h e  the rmal  ox ide  w i t h  a  
naxirnurn t h i c k n e s s  of 0 , 2 4  micron t o  g e t t e r  s u r f a c e  sodium 
con tamina t ion ,  
2 )  Use s i l i c o n  n i t r i d e  o r  o t h e r  g l a s s i f i c a t i o n  over  t h e  c h i p  
t o  p r o t e c t  t h e  S i 0 2 / S i  i n t e r f a c e  from e x t e r n a l  s o u r c e s  of 
channe l - inc lud ing  con tamina t ion ,  immobi l ize  r e s i d u a l  con- 
t a m i n a t i o n ,  and p r o t e c t  t h e  c h i p  s u r f a c e  from h a n d l i n g  
damage and p a r t i c u l a t e  s h o r t s .  S i n c e  g l a s s  w i l l  n o t  ad- 
h e r e  s a t i s f a c t o r i l y  t o  g o l d ,  t h e  moly-gold sys tem w i l l  
r e q u i r e  an a d d i t i o n a l  l a y e r  of molybdenum a t o p  t h e  go ld .  
3 )  Use e u t e c t i c  a l l o y  bonding of c h i p  t o  header  which w i l l  
w i  t lis tand 300°C s t o r a g e  t empera tu re  w i t h o u t  d e g r a t i o n  be- 
c a u s e  epoxy o r  o t h e r  polymer bonds do n o t  p rov ide  t h e  bond 
s t r e n g t h ,  t h e  the rmal  c o n d u c t i v i t y ,  o r  t h e  t empera tu re  
c a p a b i l i t y  of e u t e c t i c  bonds ,  (Does n o t  apply  t o  beam 
l e a d  o r  f l i p  c h i p  d e v i c e s  ,) 
4 )  Use monometal l ic  sys tem f o r  chip m e t a l i z a t i o n ,  i n t e r -  
connect w i r e s ,  and bonding pads of e x t e r n a l  l e a d s  t o  e l i n -  
i n a t e  f o r n ~ a t i o n  of in te rme  t a l l i c  compounds t h a t  r e s u l t  i n  
poor bonds ,  There  a r e  no e s t a b l i s h e d  advantages  i n  t h e  
use of e i t h e r  alr~ininum o r  gold  w i t h  r e s p e c t  t o  t h e  e f f e c t s  
of r a d i a t i o n  of space  o r  n u c l e a r  power s o u r c e s  such as RTGs. 
5) When usirrg alumigum me t a l i z a t i o n ,  t h e  t h i c k n e s s  nus t b e  
a t  Leas t  10,000 A t o  avoid  ox ide  s t e p  d e f e c t s ,  window 
mi crocraclcs , and dangerously  t h i n  me t a l i z a t i o n s  , 
6) Maximtarn ciesi gn-use a1 urninuna c u r r e n t  d e n s i t y  must b e  5 x 
1-e4 aLui>/ciil7 t o  minimize e l z c t r o m i g r a t i o n  e f f e c t s ,  
I )  Use high-[errlperature g l a s s  i n  package Lead s e a l s  because  
Io~r-~errrl,c.ra trrre g l a s s  h a s  h i g h  Lead ox ide  c o n t e n t  t h a t  
tail b e  I-etlticerl arid s h o r t  e x t e r n a l  l e a d s ,  
8) Lisp I t ~ r i l l ~ k  i i dl  l y _ & , r  teii 13 L C ' I ~ ~ L ~ ~ S  l y  w i t l i  a ntaxiinunr Jrak 
rate oi- i x At in  cc / scc  t o  e i i m i n d t e  coiircltninacior~ of 
T L r r e  in"cgi ; r ted  c i  rcrli L from exLerr~aL n s e  a~nbierr t s  . PLas t i c ,  
epoxy,  arid s i l i c o l l e  e r ~ c a p s u b a t i o n  ~net i lods  a r e  n o t  p r e s e n t l y  
deve loped  Lo the point where  m o i s t u r e  t r a v e l i n g  up t h e  l e a d  
h a s  been  s a t i s f a c t o r i l y  c o n t r o l l e d ,  
9 )  P r o h i b i t  u s e  of cadmium-plated packages  and c o n t r o l  use  
o f  o r g a n i c  m a t e r i a l  b e c a u s e  nonsubli-ming m a t e r i a l s  a r e  
p r e f e r r e d  i n  s p a c e  a p p l i c a t i o n s .  Accep tab  l e  package mate- 
r i a l s  a r e  Kovar,  g o l d - p l a t e d  Kovar,  o r  n ic lce l .  
10) The TO-type can and t h e  ILat pack are p r e f e r r e d  packages  
f o r  long  l i f e  usage .  
P r o c e s s  C o n t r o l  - G u i d e l i n e 2  
1 )  Use trie t a l i z a t i o n  depos iLion p r o c e s s e s  and a n n e a l i n g  pro- 
c e d u r e s  t h a t  r e s u l t  i n  l a r g e  un i fo rm g r a i n  s t r u c t u r e s  w i t h  
a  minimum g r a i n  s i z e  of 8 microns  t o  minimize e l e c t r o m i -  
g r a t i o n  e f f e c t s ,  Wafer s h o u l d  b e  h e a t e d  t o  300°C o r  
g r e a t e r  d u r i n g  d e p o s i t i o n ,  
2 )  U s e  a  p l a n e t a r y  d e p o s i t i o n  s y s t e m  f o r  m e t a l i z a t i o n  t o  
e l i m i n a t e  shadowing at o x i d e  s t e p s ,  
3) The f o l l o w i n g  p r o c e s s e s  must  b e  reviewed and a s s u r a n c e  
obta i r ied  t h a t  they  a r e  a d e q u a t e ,  s t a b i l i z e d ,  and under 
p r o p e r  c o n t r o l  by t h e  rnanufacturers  t o  ~ni r l imize  contamina- 
t i o n  and me t a l i z a r i o n  ir l iperfect  i o n s ,  and t o  p r o v i d e  h i g h  
y i e l d ,  sCabil_i t)r ,  atld p r e c i s e  c h a r a c t e r i s t i c s .  
( a j  TI-lorough :h.wafe~ c l e a n i n g  a t  each  p r o c e s s  s t e p ,  
(b )  Preci s e  niaslc l a y o u t ,  dimensi o n a l  c o n t r o l ,  aligrrlrlenl , 
and expos rsre . 
(c) U n i t o m  r e s i s t i v i t y  of  b a s i c  w a f e r ,  
(d )  P u r i t y  o f  p l i o t o r e s i s t ,  p r o p e r  a p p l i c a t i o n ,  s p i n ,  and 
b a k e ,  
( e )  'i 'horongl~ i e s i s  t developmerit and post-development in- 
s p e c t i  on, 
(f) Corrlro i r e d  tiep t i l, x , i i ; t . - ,  ang le ,  and r ~ r r d e ~  irt  of  o x i d e  
r .i clr procrc ;%ti  and i h t r u  ist~gl:li po.; t - -P  rch i n s p e c t i o n  , 
(h) Precise df  f f ~ s i n i - ~  or deposition and drive-in, re- 
oxidation purity, 
(i) Precise oxide growth, removal, and epitaxial growth. 
Test G u i d e l a  
E) Use a 100% nun-destructive bond pull test on all devices 
to detect marginal bonds, Also perform 100% screen, 
burn-in and precap tests, 
Submit a wafer sample from each metallization run to a de- 
tailed scanning electron microscope inspection to assure 
uniform and continuous metallization over window cuts and 
oxide steps, to avoid undercutting and waterfall effects 
from oxide etch, to detect oversintering, and to verify 
mask alignmernt, Inspection at the wafer level is the 
most economical point in the process sequence for per- 
formance, Screening tests are not 100% effective in 
detecting these faults and further costly processing is 
avoided, 
3) Submit a wafer sample from each metallization run to a 
profilo~neter test to verify metallization thickness and 
avoid electrornigration problems, 
4) Perforrn the qualification tests of Group C in M I L - M -  
38510 in sequence on the same group of parts as opposed 
to performing the tests in parallel, This will impose 
the additive effects of environments that are more 
realistic to real life use, Also, the screening effec- 
tiveness can be evaluated, 
4 ,  Applicakion Guidelines 
1) Circuic voltage ti-aizsients should be limited and static 
charge precautions should be followed in handling be- 
cause 1,uil.t-Ln protective circuits are not generally 
provided a.md circuit damage must be avoided, 
0 2) Case t e m p e r a t u r e  slzould be Liniited to 85 C to minimize 
temperature ~1epeieden.t. failnre mechanisms, 
-3) Cur l -ent-  i imi t i  ilg chsrrl  d be p r o v i d e d  \ h e n  i~acerfacing 
wi th  t h e  s i m i  l u r  eiz c.uits s c r  t hai paver: dissipation 
1Lin ' l  ts m i 1  1 not_ be  e~t:ec3ded, 
4) Reduce fanout to 80% of the rated maximum to increase re- 
l i a b i l i t y  by d e r a t i n g .  
5) D e r a t e  l i n e a r  c i r c u i t s  a s  f o l l o w s  s o  t h a t  end of l i f e  
d r i f t  c h a r a c t e r i s t i c s  w i l l  b e  c o n s i d e r e d  i n  p roduc t  d e s i g n .  
( a )  I n i t i a l  o f f s e t  v o l t a g e ,  +% mv 
(b) I n i t i a l  b i a s  c u r r e n t ,  X2 
(c )  O f f s e t  c u r r e n t ,  X2 
(d)  Open-loop g a i n ,  520% 
(e )  Slew rate, '20% 
( f )  Common mode r e j e c t i o n ,  220% 
(g)  Power supp ly  r e j e c t i o n ,  '20%. 
S p e c i a l  C o n s i d e r a t i o n s  
1 )  Use e s t a b l i s h e d  p r o c e s s e s  and m a t e r i a l / p r o c e s s  combina- 
t i o n s  whose f a i l u r e  mechanisms are w e l l  known. New o r  
unique p r o c e s s e s ,  such as amorphous semiconductors  a r e  
c h a r a c t e r i z e d  by a l a c k  of unders tand ing  of t h e  b a s i c  
p r i n c i p l e s  by which they o p e r a t e .  F a i l u r e  mechanisms, 
l i f e  c a p a b i l i t y ,  and r e l i a b i l i t y  are unknown. 
2) Use p a r t s  w i t h  e s t a b l i s h e d  r e l i a b i l i t y  h i s t o r y  a s  f i r s t  
c h o i c e ,  c o n s i d e r i n g  t h e  p o s s i b i l i t y  t h a t  p a r t s  w i t h  t h e  
l o n g e s t  h i s t o r y  may b e  superseded  by improved t echn iques  
of d e s i g n  o r  p r o c e s s i n g .  P a r t s  w i t h o u t  s u f f i c i e n t  d a t a  
must b e  thoroughly e v a l u a t e d  b e f o r e  a p p r o v a l .  
3) U s e  p a r t s  t h a t  are a v a i l a b l e  from s e v e r a l  s o u r c e s  i n  
a c t i v e  p roduc t ion .  During a long-term program, t h e  prob- 
a b i l i t y  of a s i n g l e  s u p p l i e r  d i s c o n t i n u i n g  p r o d u c t i o n  
is  i n c r e a s e d .  
4 )  I d e n t i f y  a p r o d u c t i o n  l o t  o f  a l l  p a r t s  r e s u l t i n g  from 
a s i n g l e  m e t a l i z a t i o n  d e p o s i t i o n  run  because  t h e  m e t a l i z a -  
d e p o s i t i o n  p r o c e s s  i s  r e s p o n s i b l e  f o r  some f a i l u r e s .  
Failure Mechanisms 
It is apparent  hat most iaults in integrated circuits are due 
to operator oversight or t~sor, and that only a minor portion 
are inherent in the materials and processes. Fortunately, most 
operator caused faults are detectable by a good screen. Approxi- 
mately 50 failure mechanisnls are detailed in this report, although 
most of the faults are detected through a quality screening and 
are never delivered by a supplier. The failure mechanisms that 
a high reliability program must be concerned with are basically 
those that are time-dependent or that are intermittent in opera- 
tion, 'The rnajor faults in this category are: 
I) Surface ionic contamination - Resulting in gradually increas- 
ing Leakage currents, to a level where transistors will not 
turn off, 
2) Surface par:~iculate contamination - Due, in a majority of 
cases, to solder balls introduced into the package during 
final sealing, and resulting in intermittent short circuit 
operation. 
3) Microcracks at oxide steps - Generally caused by thin metal- 
lization on the vertical walls of the cuts through the oxide 
layers, This condition is further aided by undercutting in 
the oxide layer resulting in metallization "waterfall" effect, 
and by oversintering the metal to silicon contact, which 
allows the alumirnrm to diffuse into the bare silicon. 
4) Electromigrdtim in alumi~~unl metallization - This is a physi- 
cal phenoinend i ir  whi cl-r the metal. i s physically transported 
toward the more positive points of the conductor. The rate of 
migration is I-iiglrly dependent on temperature and current 
densi ty in the conductor, Scratches in the metal that re- 
duce ~11e cross-section, thus increasing the current density, 
are the major site of migration failures. 
5) Wi-re bond separation -= Wire bond separation is due to several 
causes: 
(d) i [n le~ni r~a i  Li r Eo~ri~aLioit of ;iLumitrum metallization and 
go1 d w i r e ,  restlle kng k i l  voids a n d  disappearing metal - 
I f z a r l ' o n ;  
(h)  Underbonding r e s u l t i n g  in  insufficient adherence of t h e  
w i r e  t o  t h e  i n t e r c o n n e c t i n g  pad; 
(c )  Overbonding r e s u l t i n g  i n  extreme r e d u c t i o n  i n  w i r e  c r o s s  
s e c t i o n  a t  t h e  h e e l  of t h e  bond, and s e p a r a t i o n  under 
mechanical  s t r e s s ;  
(d)  Contamination i n  t h e  bond a r e a  c a u s i n g  incomple te  ad- 
he rence  ; 
( e )  Cor ros ive  s u b s t a n c e s  on t h e  w i r e  o r  i n  t h e  bonding a r e a s  
t h a t  f u r t h e r  cor rode  t h e  bonds o r  w i r e .  
Design 
S e l e c t i o n  c r i t e r i a  become extremely i m p o r t a n t  i n  l o n g - l i f e  assur -  
ance;  p a r t s  must b e  thoroughly i n v e s t i g a t e d  b e f o r e  approva l  t o  
e n s u r e  t h a t  t h e y  do n o t  c o n t a i n  b a s i c  d e s i g n  weaknesses .  A  t y p i -  
c a l  example of t h i s  s i t u a t i o n  i s  t h e  "709" o p e r a t i o n a l  a m p l i f i e r ,  
which f a i l e d  i n  a  " l a t c h  up" c o n d i t i o n  d u r i n g  Mariner 8 l aunch .  
I n  a d d i t i o n ,  t h e  c o n s t r u c t i o n  t e c h n i q u e s  must b e  known t o  p r o p e r l y  
d e f i n e  f a i l u r e  mechanisms, t h e  h i s  t o r y  must b e  reviewed t o  e n s u r e  
s a t i s f a c t o r y  o p e r a t i o n  under u s e  environment ,  p roduc t ion  must b e  
checked t o  e n s u r e  t h e  p a r t  i s  i n  a c t i v e  p r o d u c t i o n  and w i l l  re -  
main s o ,  f o r  t h e  l e n g t h  of t h e  program. Another f a c t o r  of d e s i g n ,  
j u s t  a s  i m p o r t a n t  a s  p roper  s e l e c t i o n  of p a r t s ,  i s  t h e  p r o p e r  
a p p l i c a t i o n  i n  sys tem d e s i g n .  The a p p l i c a t i o n  g u i d e l i n e s  d e f i n e  
t h e  e l e c t r i c a l / m e c h a n i c a l  and the rmal  d e r a t i n g  t h a t  must b e  ap- 
p l i e d  a s  s a f e t y  f a c t o r s ,  a l o n g  w i t h  t r a n s i e n t  p r o t e c t i o n  and i n -  
t e r f a c e  requ i rements .  
3.  T e s t  Methodology 
P r e s e n t  methods of q u a l i f i c a t i o n  and s c r e e n i n g  tests have been 
reviewed and found u n s a t i s f a c t o r y  f o r  l o n g - l i f e  a s s u r a n c e .  T h i s  
s e c t i o n  c o n t a i n s  t h e  p r e s e n t  t e s t s  and sequence and t h e  t e s t s  and 
sequence a s  r e v i s e d  and recommended f o r  h i g h  r e l i a b i l i t y .  The 
b a s i c  change i n  q u a l i f i c a t i o n  c o n s i s t s  o f  ser ia l  tests f o r  addi-  
t i v e  e f f e c t s  a s  opposed t o  p a r a l l e l  t e s t i n g  t o  MIL-M-38510. 
Screen ing  tests were r e v i s e d  t o  i n c o r p o r a t e  wafe r  t e s t s  and i n -  
s p e c t i o n s  t o  d e t e c t  s p e c i f i c  f a i l u r e  mechanisms such a s  i n s u f f i -  
c i e n t  m e t a l i z a t i o n ,  and s u r f a c e  con tamina t ion .  
4 .  Process Control  Requirements 
The b a s i c  processes  involved i n  manufacturing i n t e g r a t e d  c i r c u i t s  
a r e  i d e n t i f i e d ,  and t h e  impact of poor c o n t r o l  i s  d e t a i l e d .  A l l  
processes  i n  product ion of t h e  p a r t s  a r e  considered c r i t i c a l .  
Se lec ted  processes  a r e  def ined  a s  necessary i n  t h e  long- l i f e  con- 
f i g u r a t i o n  of c i r c u i t s .  
5 .  P a r t s  L i s t  
A b a s i c  s e l e c t i o n  of s p e c i f i c  i n t e g r a t e d  c i r c u i t s  having a  high- 
r e l i a b i l i t y  h i s  t o ry  a r e  i d e n t i f i e d  by commercial p a r t  numbers and 
s e l e c t e d  parameter l i m i t s .  These p a r t s  should b e  used as  t h e  
b a s i c  s t a r t  f o r  a  complete l ong- l i f e  p a r t s  l i s t .  
LIFE-LIMITING PROBLEMS AND SOl,tJI ' lONS 
Failure Mechanism -Analy*sss- 
To provide the proper screening, controls and q11al.i f icat ion. test- 
ing required of integrated cir ctri ts for Long-1- Life ;x:;.;llra.clcc?, the 
failure modes of the circuits mrrstr. be identified, then an under- 
standing of the physical or cklcmical cause of the failures n~ust 
be understood, and finally, test and screening conditions must be 
defined that will accelerate the degradation of each mechanism, 
wherever possible. The screening tests must be devised so a 
minimum number of tests will aid in detection of a maximum number 
of inferior parts. 
A number of failure mechanisms can be avoided merely by prohibit- 
ing specific materials, such as polymer encapsulation to el.iminate 
moisture susceptibility, certain corrosive effects and thermal. 
expansion mismatches; combinations of gold and aluminum inter- 
connects; i.e., gold metallization and aluminum wire bonds, or 
aluminum metallization and gold wire bonds to avoid gold-aluminum 
intermetallic compounds commonly referred to as various color 
"plagues"; glass frit used as die bond material to avoid die to 
header separation under mechanical stress that fractures the glass 
frit; and external lead to lead leakage by eliminating lead oxide 
(PbO) sealing glasses, 
An additional number of failure mechanisms can be minimized by 
requiring a thorough and detailed visual inspection, such as 
scratches on metallization, misalignment of masks in diffusion 
and etching, diffusion or etching flaws due to contamination or 
dust particles, misplaced wire bonds, over or under bonding, de- 
formation of wire, cracks in dice due to excess stress, excess 
slack in lead wires, and particulate contamination, 
A third group of failure inechanisms can be readily detected by 
electrical testing. These flaws include diffusion or metalliza- 
tion flaws causing opens, shorts, reduced voltage breakdown, and 
excess current leakages. 
A fourth grouping of failure mechanisms, much more subtle, re- 
quires far more complex testing to detect. These failure mechan- 
isms include incomplete adherence at bonding interfaces; improper 
cleaning, which allows corrosive substances to remain on the die; 
tonduel c,r-; w i i  I ,  i i  i;! I GLJ ~ > : C C > < ; S  c11rre~LC d e n s i t i e s ,  caus ing  migra- 
t i o n  of  he me r d l i  zat  1 on,  s u r f a c e  con tamina t ions ,  which can cause  
excess  s u r f a c e  l e a k a g e s ;  and improper e t c h i n g  of ox ide  i n  c o n t a c t  
windows, -which can c a u s e  11igh r e s i s t a n c e  c o n t a c t s .  
With c o n s i d e r a t i o n  t o  t h e  v.arious t y p e s  of f a i l u r e  mechanisms i n  
monol i th ic  i n t e g r a t e d  c i r c u i t s ,  t h i s  s e c t i o n  i s  d i v i d e d  i n t o  t h e  
fo l lowing  c l a s s e s  o r  causes  of f a i l u r e :  
1 )  S u r f a c e  - F a i l u r e s  r e l a t e d  t o  con tamina t ion  on t h e  s u r f a c e  
of t h e  d i e .  
2 )  Metal lurgi .ca1 - F a i l u r e s  i n  t h e  m e t a l i z a t i o n  sys tem i n c l u d i n g  
s u r f a c e  conduc tors ,  bonds ,  and i n t e r c o n n e c t i n g  w i r e s .  
3) Oxide - F a i l u r e s  due t o  d e f e c t s  i n  t h e  s i l i c o n  d i o x i d e  o r  
o t h e r  p a s s i v a t i o n  m a t e r i a l s  . 
4) Mechanical  - F a i l u r e s  due t o  t h e  i n t e g r a t e d  c i r c u i t  package.  
5) Masking and d i f f u s i o n  - F a i l u r e s  caused by improper masking 
and d i f f u s i o n s .  
6 )  Bullc - F a i l u r e s  due t o  f a u l t s  i n  t h e  b a s i c  s t a r t i n g  mate r ia l - -  
t h e  s i l i c o n  wafe r .  
I n  t h e  d i s c u s s i o n s  t h a t  f o l l o w ,  r e f e r  t o  F i g .  2 f o r  an  i l l u s t r a -  
t i v e  view of t h e  time-dependent f a i l u r e  modes. T h i s  i s  a com- 
p o s i t e  of t h e  r n e t a l i z a t i o n  and bonding s y s t e ~ n s  used and would n o t  
occur  i n  p r a c t i c e  on one s i n g l e  d i e .  These  f a i l u r e  mechanisms 
a r e  l i s t e d  i n  Tab le  I, 
a. b'z~rfc~ce ~'ont~wninntiori~ -. S u r f a c e  con tamina t ion  i n c l u d e s  any 
m a t e r i a l  i n a d v e r t a n t l y  l e f t  on t h e  s u r f a c e  of t h e  semiconductor  
d i e  o r  any m a t e r i a l  i n t r o d u c e d  i n  p r o c e s s i n g  t h a t  can degrade 
t h e  s u r f a c e ,  These contaminates  i n c l u d e  c o r r o s i v e  e t c h a n t s ,  
photo  r e s i s t ,  idire lubu i c a n l ,  package s e a l i n g  m a t e r i a l s ,  l e a d  
p a r t i c l e s ,  and l o o s e  c h i p s  from t h e  d i e .  
1 )  Corrosive Contiuili?u~,zts - Residue remaining on t h e  d i e  s u r -  
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2) Plzoto Rcs i s t  - The inconaplete removal of photo r e s i sL  follow- 
i n g  each masking and e t ch ing  process will react as undesirable 
masks, p revent ing  d i f f u s i o n s  i n  t hose  a r e a s .  I n  a d d i t i o n ,  i f  t h e  
photo r e s i s t  i s  allowed t o  remain f o r  too  long  a pe r iod ,  t h e r e  
is a  p o s s i b i l i t y  t h a t  a  s t a i n  w i l l  b e  produced t h a t  could a f f e c t  
t h e  d i f f u s i o n  process .  
3 )  Wire ~ubr ican ts '  - Mate r i a l s  used i n  l u b r i c a t i n g  t h e  w i r e  
drawing d i e  can con ta in  ~ h l o r i n e . ~  I n  t h e  process  of forming t h e  
w i r e ,  t r a c e s  of t h e  l u b r i c a n t  w i l l  adhere t o  t h e  w i r e .  When t h i s  
w i r e  i s  l a t e r  used as  i n t e r connec t ions  i n  i n t e g r a t e d  c i r c u i t s ,  
t h e  h igh ly  c o r r o s i v e  subs tance  i s  then  a b l e  t o  cause c a t a s t r o p h i c  
co r ros ion  of t h e  w i r e  o r  t o  aluminum m e t a l i z a t i o n  by migra t ing  t o  
t h a t  a rea .  
4) Package Sealing Material - I n  t h e  process  of s e a l i n g  f l a t -  
packs w i th  s o l d e r  preforms, a  very common occurrence6 ' i s  t h e  
s p l a t t e r i n g  o r  wicking of t h i s  s e a l i n g  m a t e r i a l  i n t o  t h e  i n t e r n a l  
cav i ty  of t h e  package. When t h e  l i d  i s  s e a t e d  and scrubbed on t h e  
ca se  wh i l e  t h e  preform i s  i n  a  l i q u i d  s t a t e ,  p a r t i c l e s  of t h e  
molten e u t e c t i c  can be  forced  onto t h e  s u r f a c e  of t h e  d i e  and 
surrounding a r e a s .  I f  t h e  conduct ive p a r t i c l e s  do n o t  immediately 
form a s h o r t ,  they may, a t  a  l a t e r  t i m e ,  r e o r i e n t  t o  cause i n t e r -  
m i t t e n t ~  o r  s h o r t s .  
5) Lead Part ic les  - I n  t h e  process  of t e rmina t ing  l ead  wi r e s  by 
breaking  t h e  w i r e  and removing excess  l e n g t h ,  i t  i s  n o t  uncommon 
f o r  t h e  severed p a r t i c l e s  t o  f a l l  w i t h i n  t h e  package c a v i t y .  Un- 
l e s s  t h e s e  extraneous wi re  p a r t i c l e s  a r e  de t ec t ed  dur ing  precap 
v i s u a l  i n spec t  i on ,  p a r t i c l e s ,  l a r g e  enough t o  cause s h o r t s  between 
conductors ,  w i l l  remain i n  t h e  package. 
6 )  Die Chips - Loosely a t t ached  ch ips  around t h e  edge of t h e  d i e  
can be  s epa ra t ed  under environmental exposure.  Although no t  
h igh ly  conduct ive,  t h e s e  p a r t i c l e s  can,  under v i b r a t i o n  o r  shock, 
cause damage t o  l eads  and po r t i ons  of t h e  chip s u r f a c e .  
b.  Metallurgical Defects - Meta l lu rg i ca l  d e f e c t s  a r e  those  de- 
f e c t s  occur r ing  i n  t h e  meta l ized  in t e r connec t ion  p a t t e r n  on t h e  
s u r f a c e  of t h e  d i e ,  t h e  i n t e r connec t ing  wi r e s  from d i e  pads t o  
e x t e r n a l  l e ads ,  t h e  bonds a t  each end of t h e  w i r e ,  and t h e  meta l  
e u t e c t i c  used i n  bonding t h e  d i e  t o  t h e  base  of t h e  package. 
1 )  M e t n % i z a ~ i o n  - b l e t a i i z a t r o n  deiec-cs account  f o r  a major por- 
 ion of t h e  f a i l u r e s  i n  b i p o l a r  i n t e g r a t e d  c i r c u i t s .  Genera l ly ,  
t h e  m e t a l i z d t i o n  f a j  l u r e s  a  e  open c i r c u i t .  The f o l l o w i n g  f a u l t s  
a r e  i n c h ~ d e c l  i n  t h i s  c a t e g o r y :  e l e c t r o m i g r a t i o n ,  K i r k e n d a l l  e f -  
Lect ( s  i i i c o n  d i s s o l v i n g  i n t o  aluminum) , h i l l o c k s  and whisker  
g r o ~ ~ t t l ,  S C T  a t c h e s  and r e s u l t a n t  m e l t i n g  of m e t a l ,  non-adhesion of 
m e t a l  t o  o x ~ d e ,  s u r f a c e  r c c o n s t r u c t i o n ,  
Rlectromigrnt ion - E l ~ c t r o m ~ g r a t i o n  i s  t h e  p h y s i c a l  t r a n s p o r t  of 
t h e  conduct-or m a t e r i a l  by -ion m i g r a t i o n  towards t h e  more p o s i t i v e  
end of t h e  conduc tor ,  The r a t e  of movement of t h e  i o n s  is  expo- 
n e n t i a l  and i s  p r o p o r t i o n a l  t o  b o t h  t h e  c r o s s - s e c t i o n a l  area of 
t h e  conduci~or ,  and t o  t h e  s q u a r e  of t h e  c u r r e n t  ( c u r r e n t  d e n s i t y  
s q u a r e d ) .  The e q u a t i o n  used t o  d e f i n e  t h e  r a t e  i s  
1. 
- -  
MTF - A J ~  .,p - 
where 
MTF = median t ime t o  f a i l u r e ,  h r ,  
A = a  c o n s t a n t  t h a t  c o n t a i n s  a  f a c t o r  i n v o l v i n g  t h e  c r o s s - s e c t i o n a l  
a r e a  of t h e  f i l m ,  
J = c u r r e n t  d e n s i t y ,  amp/crn2, 
q5 = an a c t i v a . t i o n  energy ,  Ev, 
k = Boltzman's c o n s t a n t ,  
T = f i l m  tempera tu re ,  OK. 
C i r c u i t  F a i l u r e s  occur  t h e r e  t h e  c r o s s  s e c t i o n  of t h e  m e t a l i z a -  
t i o n  i s  t h e  s m a l l e s t  ( g r e a t e s t  c u r r e n t  d e n s i t y ) ,  u s u a l l y  a t  
s c r a t c h e s  o r  a t  oxide  s t e p s ,  The f a i l u r e  mode Is always an  open 
c i - r c u i t .  Note t h a t  t h e  act iva t i -on  energy of t h e  m a t e r i a l  i s  pro- 
p o r t i o n a l  t o  t h e  s t r u c t u r a l  g r a i n  s i z e e 8  
Kirkendall  LTffectg - The K i r k e n d a l l  e f f e c t  d e f i n e s  t h e  s h i f t  i n  
i n t e r f a c e  bemeerr two bonded d i s s i m i L a r  meta l s  o r  a l l o y s ,  u s u a l l y  
towards t h e  m a t e l i a l  w i t h  t h e  lower m e l t i n g  p o i n t .  The s h i f t  i s  
due t o  a  g r e a t e r  number of atoms from one m a t e r i a l  f lowing  t o  
t h e  o t h e r  than t h e r e  are f lowing i n  t h e  r e v e r s e  d i r e c t i o n .  The 
unbalanced flow r a t e  causes  t h e  reduced s i d e  t o  become porous o r  
t o  c o n t a i n  a c t u a l  v o i d s ,  When t h i s  e f f e c t  occurs  between t h e  
srd?l::on a lurn i~un! ,  t h e  s i l i c o n  d i f f u s e s  f a s t _ e r  t o  t h e  aluminum 
than is  r e t u r n e d ,  and can l e a v e  v o i d s  under t h e  r n e t a l i z a t i o n .  
Th i s  can c a u s e  s e p a r a t i o n  of m e t a l  from d i e  and e v e n t u a l  open c i r -  
c u i t  under mechan ica l  s t r e s s .  
Opens at Oxide Steps - A s i g n i f i c a n t  f a i l u r e  mechanism i n  i n t e -  
g r a t e d  c i r c u i t s  is  n e a r l y  i n v i s x b l e  c r a c k s  i n  t h e  m e t a l i z a t i o n  at  
oxide  s t e p s .  Although i o n i c  m i g r a t i o n  may c o n t r i b u t e  t o  t h i s  
f a i l u r e  mechanism, i t  i s  more commonly b e l i e v e d  t o  b e  a  the rmal  
mis~natch problem i n  which t h e  t h i n n e s t  m e t a l ,  o c c u r r i n g  a t  t h e  
s t e p ,  b r e a k s ,  
A s i m i l a r  f a i l u r e  o f t e n  o c c u r s  around c o n t a c t  windows, e x c e p t  i n  
t h i s  i n s t a n c e ,  o v e r s i n t e r i n g  of t h e  alurnintlni t o  s i l i c o n  i s  t h e  
major c o n t r i b u t o r ,  w i t h  e x c e s s  aluminum d i f f u s i n g  i n t o  t h e  b a r e  
s i l i c o n ,  
Overetch/Underetch - Conductor-to-conductor s h o r t s / o p e n s  i n  t h e  
a e t a l i z a t i o n  can  occur  due t o  i n s u f f i c i e n t  e t c h i n g  o r  overe tch-  
i n g ,  b u t  t h e s e  mechanisms a r e  ve ry  nlinor because  most p a r t s  w i l l  
b e  d e t e c t e d  i n  v i s u a l  i n s p e c t i o n  and e l e c t r i c a l  t e s t .  
Hillocks and Whisker ~rowth* - H i l l o c k s ,  v o i d s ,  whiskers  and 
o t h e r  n o n d e s c r i p t  e x t r u d e d  a p p e a r i n g  f o r m a t i o n s  a r e  growth r e s u l t -  
i n g  from rrrigration.  Because t h e  r a t e  of m i g r a t i o n  i s  p r o p o r t i o n a l  
t o  t h e  t e m p e r a t u r e  and c u r r e n t  d e n s i t y ,  l o c a t i o n s  i n  t h e  m e t a l i z a -  
t i o n  t h a t  a r e  a t  a  lower t e m p e r a t u r e  o r ,  due t o  i n c r e a s e d  c r o s s  
s e c t i o n ,  have a reduced c u r r e n t  d e n s i t y  w i l l  have  a  lower r a t e  
of m i g r a t i o n .  T h i s  accunlula t ion o f  i o n s  from a  r e g i o n  w i t h  a  
more r a p i d  r a t e  t e n d  t o  s e t t l e - o u t  i n t o  t h e  n o t e d  f o r m a t i o n s .  I n  
a s i m i l a r  manner, v o i d s  a r e  formed between a  reduced r a t e  and a  
f a s t  r a t e  r e g i o n ,  where i o n s  move o u t  f a s t e r  t l ian they  a r e  r e p l a c e d .  
The vo ids  can cause  opens,  w h i l e  t h e  growlrh can  c a u s e  c u r r e n t  l e a k -  
age o r  s h o r t s  t o  nearby c o n d u c t o r s ,  '') 
Scrutches - F a i l u r e s  due t o  s c r a t c h e s  i n  t h e  m e t a l i z a t i o n  can 
range from opens w i t h  t h e  s c r a t c h  comple te ly  s e v e r i n g  t h e  conduc- 
t i o n  p a t h ,  reduced c r o s s  s e c t i o n  ( s u b j e c t  t o  ~ g r a t i o n  o r  mel t -  
i n g  open) ,  t o  s h o r t  c i r c u i t  where  t h e  m e t a l  i s  smeared t o  a d j a c e n t  
c o n d u c t o r s ,  S c r a t c h e s  irnpose a  major r e l i a b i l i t y  r i s k  i n  u s i n g  
c o i [ u ~ ~ e r c i a l  g rade  p a r t s  because  no p recap  v i s u a l  i n s p e c t i  o n / r e j e c -  
t i o n  c r i t e r i a  a r e  r e q u i r e d .  A thorough v i s u a l  i n s p e c t i o n  b e f o r e  
~ d p p i n g  \ g i l l  d e t e c t  t h e s e  f a u l t s  
iilonadhesion t o  Oxide - L i f t e d  pflds o r  o t h e r  arcas wllcre ilie rr~el- 
a l i z a t i o n  does n o t  adhere  p r o p e r l y  t o  t h e  s i l i c o n  d i o x i d e  s u r f a c e  
i s  b a s i c a l l y  due t o  c o n t a ~ n i n a t i o n  on t h e  s u r f a c e  b e i o r e  m e t a l i z a -  
t i o n .  The r e l - i a b i l i t y  r i s k  of such a f a u l t  i s  t h a t  t h e  t h i n  f i l m  
m e t a l i z a t i o n  i s  t h e n  s u b j e c t  t o  mechanical  t e s t i n g  t h a t  was de- 
s i g n e d  f o r  t h e  s t r o n g e r  i n t e r c o n n e c t i n g  w i r e  and bonds.  T h i s  i s  
an  i n s i g n i f i c a n t  f a i l u r e  mechanism and s h o u l d  b e  d e t e c t e d  i n  
v i s u a l  i n s p e c t i o n ,  mechanical t e s  k ing,  and f i n a l  e l  e c t r i c a l  t e s t s  . 
Surface Recons truetion' ' - Through t e m p e r a t u r e  and t i m e ,  t h e  s u r -  
f a c e  t e x t u r e  of aluminum can change from a  smooth s u r f a c e  t o  a  
random "combed" loolc ancl even i n c l u d e  h i l l o c k s  and w h i s k e r s .  
T h i s  change i n  t e x t u r e  n o t  on ly  f r a c t u r e s  g l a s s i v a t e d  s u r f a c e s  
b u t  may a l s o  i n d i c a t e  an  i n c r e a s i n g  s h e e t  r e s i s t a n c e .  S i l i c o n  
d i o x i d e  (S i02)  o v e r c o a t i n g  appears  t o  p r e v e n t  t h e  problem a l though  
t h e  reasons  a r e  n o t  c l e a r l y  unders tood.  Thermal c y c l i n g  seems t o  
a g g r a v a t e  t h e  c o n d i t i o n ,  whereas t h e  a d d i t i o n  of 2% Cu appears  
t o  r e t a r d  i t .  The g e n e r a l  causes  of t h i s  phenomenon appear  t o  be  
d i f f u s i o n a l  c r e e p  of t h e  m a t e r i a l .  
Flaking ~Zuminwn l~  9 - Aluminum conduc t ion  f i l m s  have been  found 
t o  b reak  up i n t o  s m a l l e r  a r e a s  t h a t  t e n d  t o  f l a l re  o f f  from t h e  
f i l m .  Th is  e f f e c t  g e n e r a l l y  occurs  w i t h i n  10 mi1.s of a s i l i c o n  
c o n t a c t  a r e a .  S i l i c o n  mi-grat ion i n t o  t h e  f i l m  tends  t o  p r e c i p i -  
t a t e  a t  g r a i n  boundar ies  of t h e  aluminum. T h i s  produces more 
d i s t i n c t  and w i d e r  boundar ies  t h a t  appear  t o  have l e s s  cohes ion  
t o  t h e  s i l i c o n  d i o x i d e  and r e s u l t  i n  t h e  s e p a r a t i o n .  
Increased Conductor ~ e s i s  tance lit - A h i g h  t empera tu re  balce i n -  
c r e a s e s  t h e  t h i c k n e s s  of t h e  s u r f a c e  o x i d e  on aluminum conduc tors .  
T h i s  i n c r e a s i n g  r e s i s t a n c e  could  p o s s i b l y  cause  o u t  of t o l e r a n c e  
of pa ramete rs  due t o  a  h i g h e r  v o l t a g e  drop i n  t h e  conduc tor ,  o r  
c a u s e  a the rmal  r i s e  i n  t h e  m e t a l  t h a t  would speed  up e l e c t r o m i g r a -  
t i o n .  
Other  f a i l u r e  mechani-sms, al.1. ve ry  minor ,  i n c l u d e  h y d r a t e  of t h e  
aluminum f i l m ,  l a t e r a l  ~niLgrai:ion under t h e  ox ide  and improper 
r o u t i n g  of t h e  conduc tors .  
2) Interconnecting Wires - F a i l u r e  mechanisms of t h e  i n t e r c o n -  
n e c t i n g  w i r e s  i n c l u d e  r e d u c t i o n  i n  t h e  w i r e  s i z e  by "necking down" 
due t o  e x c e s s  t e n s i o n  of t h e  bonding machine o r  h igh  g  f o r c e s  ap- 
p l i e d  t o  t h e  p a r t .  T h i s  redrlceion i n  c r o s s  s e c t i o n  i n  t h e  w i r e  
i s  t h e n  s u b j e c t  t o  f a i l u r e  by o v e r h e a t i n g  o r  mechanical s e p a r a -  
t i o n .  Lead w i r e s  of i n s u f f i c i e n t  l e n g t h  o r  improper d r e s s  can 
f a i l  under the rmal  c y c l i n g .  Excess l e a d  l e n g t h  can a l low l e a d  t o  
l e a d  o r  l e a d  t o  c a s e  s h o r t s  under mechanical  s t r e s s .  
3 )  /4!.l:iu.e b0?1(2:, - i i v e l L C j L i i l i  Ilg (exciis:; p r e s s u r e / t e m p e r a t u r e )  of t e n  
y e s 1 1 1 t . s  i n  vsacleed d i e ,  p d r t i c u l a r l y  when t h e r e  a r e  v o i d s  under 
t h e  d i e ,  A d d i t i o n d l  pruhlrmr; i n c l u d e  f o n ~ ~ a t i o n  of o v e r s i z e d  gold- 
b a l l  bonds a l l o x ~ i n g  t l le bolids t o  o v e r l a p  t h e  bonding pad and pos- 
s i b l y  s h o r t  t o  edge of d i e  o r  e x c e s s i v e  neck ing  o r  c r a c k i n g  of 
aluminum u l t r a s o n i c a l l y  bonded w i r e s  p r o v i d i n g  a p o i n t  t h a t  w i l l  
brealc under thernldl  s t r e s s i n g ,  
Underbonding (i nsuf f  i c i e n t  p r e s s u r e  / t empera tu re )  r e s u l t s  i n  weak 
bonds t h a t  w i l l  s e p a r a t e  under mechanical  and the rmal  s t r e s s e s .  
The forlnation of numerous in te rme  t a l l i c  compounds (p lagues  : pur- 
p l e ,  b l a c k ,  tart ,  w h i t e ,  ye l low,  e t c )  can occur  when g o l d  w i r e  i s  
bonded t o  a1 i~lnii~urn ~ n e t a l i z a t i o n .  T h i s  phenomenon i s  t h e  s u b j e c t  
of many d e t a i l e d  s t u d i e s  w i t h  c o n f l i c t i n g  c o n c l u s i o n s .  The com- 
pounds appear  t o  p rov ide  wedk o r  b r i t t l e  bonds o r  i n c r e a s e d  con- 
t a c t  r e s i s l a n c e ,  Tlie Ki r l ee~ ldd l l  e f f e c t  f u r t h e r  weakens t h e  bond 
due t o  t h e  forruation of voids i n  t h e  aluminum. Bonding t o  con- 
taminated s u r f a c e s  can provide weak bonds,  s i m i l a r  t o  underbond- 
i n g ,  excep t  t h a t  v i s u a l  i n s p e c t i o n  w i l l  n o t  e a s i l y  d e t e c t  t h e  
f a u l t  , 
Therinocon~pression bonding of aluminum w i r e s  h a s  an  u n s a t i s f a c t o r y  
h i s t o r y  of c r a c k s  a t  t h e  h e e l  of t h e  bond, which later f a i l e d  
under power c y c l i n g ,  T h i s  t y p e  of bonding shou ld  n o t  b e  p e r m i t t e d  
i n  l o n g - l i f e  p a r t s .  
4) fit! Bo?zdi~zy E'aiZ?~res - T y p i c a l  d i e  a t t a c h  m a t e r i a l s  a r e  ( I )  
epoxy, ( 2 )  g l a s s  f r i r ,  and ( 3 )  nieta l  e u t e c t i c ,  T y p i c a l  f a u l t s  
inc lude  poor adhes ion  due t o  i ~ n p r o p e r  t empera tu re  o r  s c r u b b i n g  
a c t i o n ;  incornpLeLe coverage of bonding m a t e r i a l  over  t h e  t o t a l  
i n t e r f a c e  a r e a ;  d i c e  can ted  from t h e  p l a n e  of t h e  h e a d e r ;  and 
p a r t i c l e s  of a t t achment  i izaterial  sp ldshed  on d i e  s u r f a c e  o r  o t h e r  
a r e a s  on t h e  header  arid pedesea l s  of bonding m a t e r i a l  t h a t  can 
b reak  t r e e ,  
S p e c i f i c  fatrl t s  a s s o c i a t e d  witlt t h e  i n d i v i d u a l  bonding m a t e r i a l  
a r e :  
I )  Epoxy - T h i s  m d t e r i a l  rnay ou tgass  o r g a n i c  m a t e r i a l  t h a t  can 
c o n i a r n i ~ r ~ i t e  s e t l s i t i v e  s u r f a c e s  such as NOS. The long-term 
pl-iysicdl properLCes of t h i s  n i a t e r i a l  a r e  unknown, t h e r e f o r e ,  
the l l o l d i r ~ g  s 1-rsrlgt il , brii t lerress , ~l-lermal conduct ive  prop- 
erties, and r a t e  of ~ o n L a m i n a i i o n  cannot  b e  d e f i n e d  f o r  Long- 
l i f e  pasLs anil the mdte- r -?"91  - h o ~ i l r l  rrot be u s e d ,  
2) Glass f r i t  d i e  bonding (low-temperature g l a s s )  - Glass should 
n o t  be  used i n  packages t h a t  can be  f l e x e d  such as  f l a tpacks  
o r  dua l - in  l i n e  packages wi th  a  Kovar base.. When p re s su re  is  
app l i ed ,  t h e  base  w i l l  f l e x  caus ing  f r a c t u r e  of t h e  g l a s s  and 
p o s s i b l e  d i e  s e p a r a t i o n .  
3) Metal e u t e c t i c  - A unique f a i l u r e  mechanism i s  a s soc i a t ed  w i t h  
e u t e c t i c  d i e  bonding. To proper ly  a t t a c h  t o  t h e  e u t e c t i c ,  t h e  
d i c e  must f i r s t  be  coated on t h e  r e v e r s e  s i d e  w i th  a  gold f i l m ,  
a t  t h e  wafer  s t a g e .  Unless t h e  gold backing i s  proper ly  ap- 
p l i e d ,  a  s e p a r a t i o n  w i l l  occur between t h e  backing and t h e  
s i l i c o n .  
c, 0;cide Defects - Oxide d e f e c t s  a r e  t h o s e  f a u l t s  occur r ing  i n  
t h e  s i l i c o n  d ioxide  o r  o t h e r  s u r f a c e  p a s s i v a t i o n  l a y e r .  These 
d e f e c t s  account  f o r  a  major p o r t i o n  of t h e  f a i l u r e s  i n  MOS c i r -  
c u i t s  due t o  the high impedances, b u t  a much l e s s e r  p o r t i o n  i n  
b i p o l a r  c i r c u i t s .  The d e f e c t s  i n  t h i s  c l a s s i f i c a t i o n  account f o r  
i nve r s ion ,  channel ing,  pin-hole s h o r t s ,  and leakages and d i f fu -  
s i o n  e r r o r s .  I n  gene ra l ,  t h e  d e f e c t s  l e ad  t o  i nc reased  c u r r e n t  
leakages o r  s h o r t s  from the  m e t a l i z a t i o n  t o  d i f f u s i o n  a r e a s  o r  
s u b s t r a t e ,  o r  t o  excess  leakages ac ros s  d i f f u s e d  junc t ions .  
1) ~ n u e r s i o n l ~  - When PN junc t ions  are b i a s e d  i n  t h e  r eve r se  
d i r e c t i o n ,  i nve r s ion  Layers grow i n  s t r e n g t h  over  t h e  s u r f a c e  ad- 
j a c e n t  t o  t h e  j unc t ion  due t o  motion of i o n s  on t h e  s u r f a c e  of 
t h e  ox ide .  The f i e l d  exe r t ed  through t h e  oxide tends  t o  produce 
i n v e r s i o n  l aye ra  on both t h e  n-region and p-region t h a t  l e ad  t o  
i n c r e a s e s  i n  r eve r se  c u r r e n t .  For thermally grown oxides ,  t h e  
p o s i t i v e  charges  w i t h i n  or  on t h e  oxide induce a  nega t ive  charge 
on t h e  s i l i c o n ,  making i t  n-type. 
2 )  Oxide Cracks RT crazing10 l5  - Due t o  t h e  mismatch i n  thermal 
expansion rate  of s i - l icon and s i l i c o n  d iox ide ,  mechanical stresses 
can be  set  up a t  tlie i n t e r f a c e ,  when t h e  wafers  a r e  cooled from 
> 1000°C t o  room temperature .  Thin oxides  a r e  p a r t i c u l a r l y  sus-  
c e p t i b l e  t o  cracking.  n i f f  u s ion  through oxide  i s  then  poss ib l e .  
5)  Pinholes l6 - Pinholes  i n  t h e  oxide may vary i n  depth,  and, 
a t  wors t  case ,  expose t h e  s i l i c o n  s u r f a c e  t o  t h e  meta l ized  i n t e r -  
connect ions on t h e  ox ide ,  I n  i n s t ances  where t h e  p inhole  o r  
m e t a l i z a t i o n  does no t  extend completely t o  t h e  s u r f a c e  of t h e  
s i l i c o n ,  a  time-dependent d g r a t i o n  o r  low-voltage breakdown 
mechanism may be  in t roduced ,  These pinholes  can be  caused by 
f a u l t y  oxide growth, a  damaged mask, poor p h o t o r e s i s t  o r  an under- 
c u t  by t h e  e t ch ing  process ,  
4) k c i ~ i l  P i t s  l ' )  9 l' - T h e  preserrce or' ~ ~ l a ~ ~ ~ u ~ a r ' '  o r  ~ r u n c a t e d  
t r i a n g u l a r 1 7  p i t s  have been  n o t e d  i n  t h e  s u r f a c e  of d r y  ox ide  
grown on t h e  Ill c r y s t a l  o r i e n t a t i o n  of s i l i c o r ~ ,  The s p e c i f i c  
cause  of t h e  p i t s  h a s  z o t  been d e f i n e d .  The dimgnsion of t h e  p i t s  
v a r y  from 500 t o  1000 A on a  s i d e  and about  200 A  deep,  The e t c h a n t  
e n t e r i n g  t h e s e  p i t s  does n o t  exchange r a p i d l y  w i t 1 1  t h e  b u l k  s o l u -  
t i o n  nor  ~ ~ i t h  t h e  n e u t r a l i z i n g  and r i n s e  l i q u i d s ;  t h u s ,  t h e  p o r e s  
o r  p i t &  become t r a p s  r e t a i n i n g  sodium con tamina t ion  and c o r r o s i v e  
a g e n t s ,  
7 
d, Mechanical Defects - Mechanical  d e f e c t s  a r e  t h o s e  b a s i c  f a u l t s  
of package c o n s t r u c t i o n  o r  t h e  p r o c e s s i n g  e r r o r s  i n  t h e  assembly 
of t h e  c o n s t i t u e n t  p a r t s ,  
The d e f e c t s  i n c l u d e  t h e  f o l l o w i n g :  
1 )  Paclcage - The TO-type can and t h e  f l a t  pack a r e  t h e  on ly  pack- 
ages  t h a t  can b e  recommended f o r  h i g h  r e l i a b i l i t y , '  l o n g - l i f e  
use ,  The d u a l - i n - l i n e  (DIP) p'ackage was developed s p e c i f i -  
c a l l y  f o r  computer and o t h e r  h i g h  volume a p p l i c a t i o n s .  The 
package i s  des igned  f o r  automated i n s e r t i o n  i n t o  p r i n t e d  w i r -  
i n g  boards  o r  s o c k e t s  and wave o r  f low s o l d e r i n g  ( th rough  t h e  
board  a t t achment )  . Due t o  t h e  heavy l e a d  m a t e r i a l ,  e x c e s s  
s t r e s s  can be  e x e r t e d  on t h e  g l a s s  s e a l  a r e a  i n  t h e  through- 
the -g lass  type  c o n s t r u c t i o n .  Also,  due t o  t h e  l o n g e r  r e c t a n -  
g u l a r ' d i m e n s i o n s ,  e x c e s s i v e  t o r q u e  call be  e x e r t e d  on t h i s  s e a l  
dur ing  i n s e r t i o n  of t h e  p a r t s  and any f l e x i n g  of t h e  c i r c u i t  
boards .  E x t e ~ i s i v e  damage h a s  occur red  t o  t h e  s e a l i n g  g l a s s ,  
r e q u i r i n g  r e t r o f i t  of s p a c e  sys tems ,  (NASA MSC PPIN No. 
~ ~ 2 ~ - 3 3 5 - 7 2 ,  ;C.TP?C Skylab A l e r t  No, F3-72-12> MSFC A l e r t  No, 
MSFC-A-72-12.) The e x t e r n a l l y  b r a z e d  on l e a d  t y p e  of con- 
s t r u c t i o n  h a s ,  i n  t h e  p a s t ,  exper ienced  f r a c t u r e  of t h e  b r a z e  
and s e p a r a t i o n  of e x t e r n a l  l e a d s ,  
Other  d i sadvan tages  of t h e  DIP i n c l u d e :  
( a )  The weight of a  DIP i s  approximately  s i x  t imes  as  g r e a t  
a s  an e q u i v a l e n t  14-lead f l a t p a c k ,  
( b )  Due t o  t h e  s t and-of f  of Lhe l e a d s ,  t h e  c e n t e r  of g r a v i t y  
o f  a  p r i n t e d  w i r i n g  board  i s  s h i f t e d  s i g r ~ i f i c a n t l y  when 
a q u a n t i L y  i s  a t t a c h e d  t o  one b o a r d ,  
(c)  The l e a d s  are a l i g n e d  outward a t  an a n g l e  f rom t h e  ve r -  
t i c a l  ( p o s i t i v e  loaded)  f o r  a u t o m a t i c  i n s e r t i o n  and s e l f -  
r e t e n t i o n ,  t h e r e f  o r e ,  when i n s e r t e d  by hand ,  each . lead 
must b e  sp rung  i n  toward t h e  c e n t e r  l i n e  and f o r c e d  i n t o  
t h e  h o l e  ( f e e d t h r o u g h ) ,  t h u s ,  each l e a d  i s  s u b j e c t e d  t o  
i n d i v i d u a l  stress and p o s s i b l e  con tamina t ion  o r  damage. 
(d) With t h e  package i n  t h e  f u l l y  i n s e r t e d  s t a n d - o f f  pos i -  
t i o n ,  a l l  t h e r m a l  conduc t ion  must b e  through t h e  l e a d s .  
S i n c e  t h e  body is  n o t  i n  c o n t a c t  w i t h  t h e  s u r f a c e ,  i t  
cannot  c o n t r i b u t e  t o  t h e  the rmal  conduc t ion .  
There fore ,  dua l - in - l ine  packages cannot  b e  recommended f o r  
use  i n  l o n g - l i f e  h i g h  r e l i a b i l i t y  a p p l i c a t i o n s .  
2)  Glass  f r a c t u r e  - Unique t o  t h e  g l a s s  t o  m e t a l  and g l a s s  t o  
ceramic  s e a l e d  package i s  t h e  p o s s i b i l i t y  of f r a c t u r e  of t h e  
s e a l i n g  g l a s s  between l e a d s  under the rmal  o r  mechanical  stress 
caus ing  l o s s  of h e r m e t i c i t y .  
3) S o l d e r  b a l l s  - The packages w i t h  m e t a l  l i d s  a r e  normal ly  s e a l e d  
u s i n g  s o l d e r  preforms.  A major  f a i l u r e  mechanism of t h i s  pack- 
age is  t h e  i n t r o d u c t i o n  of s o l d e r  b a l l s  from t h e  preform i n t o  
t h e  i n t e r i o r  of t h e  package r e s u l t i n g  i n  s h o r t  c i r c u i t  o r  i n -  
t e r m i t t e n t  o p e r a t i o n .  
4) S h o r t  c i r c u i t  t o  cap - An a d d i t i o n a l  f a i l u r e  mechanism of t h e  
Kovar o r  o t h e r  m e t a l  l i d d e d  package i s  t h e  p o s s i b i l i t y  of 
s h o r t i n g  l e a d s  t o  t h e  conduc t ive  l i d  when s u b j e c t e d  t o  mechan- 
i c a l  stress. T h i s  i s  a v e r y  minor f a i l u r e  mode and i s  d e t e c t -  
a b l e  i n  e l e c t r i c a l  test .  
5)  Crushing - The t h i n  m e t a l  l i d  a n d / o r  m e t a l  b a s e  packages a r e  
ve ry  l i k e l y  t o  b e  damaged i f  s u b j e c t e d  t o  t h e  normal h i g h  
p r e s s u r e s  encounte red  i n  s e a l  l e a k  t e s t i n g .  There  i s  a l s o  a  
h igh  p r o b a b i l i t y  of damage i f  t h e s e  packages a r e  hand led  by 
t h e  c a s e  w i t h  tweezers ,  because  ve ry  g r e a t  p r e s s u r e  can b e  
e x c i t e d  on t h e  f l e x i b l e  l i d  o r  b a s e .  
6 )  Glass  r e d u c t i o n  - The g l a s s  used i n  f i n a l  seal of a package 
must b e  of a  low tempera tu re  m e l t i n g  p o i n t  t o  avo id  s u b j e c t -  
i n g  t h e  d i e  and bonds t o  h i g h  t empera tu re .  One of t h e  b a s i c  
c o n s t i t u e n t  m a t e r i a l s  r e q u i r e d  t o  p r o v i d e  a  low m e l t i n g  p o i n t  
i n  t h e  g l a s s  i s  l e a d  ox ide  (PbO) . T h i s  m a t e r i a l  i s  v e r y  s u s -  
c e p t i b l e  t o  r e d u c t i o n  t o  m e t a l l i c  l e a d  (Pb)  by exposure  t o  
reduc ing  a g e n t s .  The r e s u l t i n g  l e a d  (Pb) on e x t e r n a l  s u r f a c e s  
w i l l  p r o v i d e  a  low r e s i s t a n c e  s h o r t  between l e a d s ,  
73 Se l , a r ac i i i~ - i  oi i i ~ d i , ~ d  ibkdds - P~cicages  c o n s i s t i n g  of t h i c k  
f i  l m  cortductors illuoug1:il t h e  w a l l s  w i  tl-I e x t e r n a l  l e a d s  b razed  
LO e x t e r n a l  pads has  a  major  f a i l u r e  mechanism c o n s i s t i n g  of 
f r a c t u r e  and s e p a r a l i o n  of t h e  l e a d  b r a z i n g .  Any e x t e r n a l  
p r e s s u r e  on t h e  l e a d s  i s  ~ r a r i s f e r r e d  d i r e c t l y  t o  t h e  b razed  
j u n c t i o n ,  Once a  i r a c t u r e  i s  s t a r t e d ,  v e r y  l i t t l e  f o r c e  w i l l  
b reak  ~ l ~ e  l e a d  f r e e  of  he packdge - 
8) Lead frame s h o r t s  - A f a i l u r e  mechanism t h a t  h a s  occur red  on 
a v e r y  minor number of p a r t s  i-s t h e  s h o r t i n g  of t h e  e x t e r n a l  
l e a d  frame i n s i d e  t h e  g l a s s  o r  ceramic w a l l s .  T h i s  mechanism 
i s  de LectabLe by e l e c t r i c a L  t e s t  and r a d i o g r a p h i c  i n s p e c t i o n .  
9) Cap o f f s e t  -- Althongh packages a r e  des igned  w i t h  s u f f i c i e n t  
s e a l i n g  a r e a ,  t h e  a s s e n ~ b l y  of t h e  l i d  on t h e  package can b e  
o f f s e t  i n  a  nranner t h a t  w i l l  c o n s i d e r a b l y  reduce t h e  des igned  
c o n t a c t  a r e a .  Th i s  ~ e d u c t i o n  i n  s e a l  a r e a  r e s u l t s  i n  a p a r t  
much more s u s c e p t i b l e  t o  s e a l  f a i l u r e  under t h e r m a l  o r  mechan- 
i c a l  s t r e s s ,  
10) Lead p l a t i n g  - Tlle t y p i c a l  lcovar l e a d s  on packages a r e  nor-  
mal ly  gold  p l a t e d .  If  t h e  b a s i c  Kovar l e a d  m a t e r i a l  i s  con- 
taminated o r  c o n t a i n s  e x c e s s i v e  i r o n  ox ide  on t h e  s u r f a c e ,  
t h e  gold  p l a t i n g  may b r i d g e  t h e  f a u l t .  When such  a  p a r t  i s  
t h e n  s o l d e r e d  t o  a  c i r c u i t  board an  u n s a t i s f a c t o r y  j o i n t  oc- 
c u r s ,  making t h e  e x t e r n a l  connect  i o n  very  s u s c e p t i b l e  t o  
mechanical  f a i l u r e ,  
11)  Cor ros ion  a t  g l a s s l c e r a m i c  i n t e r f a c e  - The g e n e r a l  p r o c e s s i n g  
method i n  manufactur ing i n t e g r a t e d  c i r c u i t s  i s  t o  p l a t e  t h e  
l e a d  after s e a l i n g  i t  i n t o   he c a s e  m a t e r i a l ,  T h i s  p r o c e s s  
l e a v e s  a  ve ry  s m a l l  j u n c t i o n  of g l a s s  t o  l e a d  o r  when t h e  
g l a s s  rninisctss is  brolcen, a  rauch l a r g e r  a r e a  of t h e  b a s i c  
l e a d  m a t e r i a l  i s  exposed t o  a l l  environments and s u b j e c t  t o  
c o r r o s i o ~ r  and f a i l  tare. 
e, Mcxskiny, Etching U Y L ~  Diffusiorz - 
1 )  Inproper Ohrivie ConlncL - The fo rmat ion  of a  h i g h  r e s i s t a n c e  
c o n t a c t  behlreen t h e  me t a l i z a ~ i o n  and t h e  s i l i c o n  d i f f u s e d  a r e a s  
a t  windows i n  tire s i l i c o n  d i o x i d e  i s  u s u a l l y  t h e  r e s u l t  of in -  
conlplete removal oi- t i le  ox ide  i n  t h e  c o n t a c t  a r e a s  b e f o r e  depos- 
i t i n g  the  alrunsnui-il 011 t h e  w a f e r ,  T h i s  c o n d i t i o n  may temporar i ly  
i l e a l  uncle1 applic-ai-lorr (>I v o l t a g e ,  bu t  can b e  r e e s t a b l i s h e d  by 
high-tenlpe~,l tr i-re stah r l i r a i  i o n  bake o r  storage, Thus,  t h i s  f a i l -  
u r e  inode is  cons idered  L i r ~ l e  drpenderli . 
2) Misr~gistxlat ion of Meta?uization - Reduced me ta l i za t ion  covey- 
age a t  windows i s  due t o  t h e  misalignment of me ta l i za t ion  masks 
be fo re  e t ch ing .  The optimum cond i t i on  i n  alignment i s  t o  com- 
p l e t e l y  cover t h e  window contac t  a r eas  and provide conduction paths  
i n  360" from t h e  s i l i c o n  su r f ace  t o  t h e  metal  a top  t h e  s i l i c o n  
d ioxide .  A very  s l i g h t  misalignment of t h e  m e t a l i z a t i o n  masks can 
r e s u l t  i n  only two s i d e s  of a  window and oxide s t e p  having conduc- 
t i o n  pa ths .  This  provides a  much g r e a t e r  chance of open c i r c u i t  
due t o  migra t ion  o r  ove r s in t e r ing  (annea l ing) .  
3) Misregistered or Inproper Diffusions - Diffusions t h a t  a r e  
due t o  misalignment of masks reduce t h e  base  and e m i t t e r  o r  base 
and c o l l e c t o r  j unc t ion  spacings.  Other f a u l t s  inc lude  discont inu-  
ous i s o l a t i o n  d i f f u s i o n s  and odd shapes on edges of d i f f u s i o n s  
poss ib ly  due t o  d u s t  p a r t i c l e s  on masks. These f a u l t s  can change 
t r a n s i s  t o r  and r e s i s t o r  c h a r a c t e r i s  t i c s  t o  a degree t h a t  c i r c u i t  
opera t ion  i s  a f  f ec t ed .  
4 Undercutting o f  Oxide or  MetaZization - Overetching can cause 
undercut t ing  of oxides al lowing a w a t e r f a l l  e f f e c t  i n  metal iza-  
t i o n  t h a t  i s  h igh ly  sub jec t  t o  h e a t i n g  and migra t ion  e f f e c t s  and 
thermal  microcracks. Undercutting of me ta l i za t ion  produces re -  
duc t ion  i n  c ros s  s e c t i o n .  Both t h e  undercut t ing  of metal  and 
oxides provides t r a p s  f o r  e t chan t s  and o the r  contaminates t h a t  
can r e s u l t  i n  t ime degrading o r  c ~ r r o s i v e  e f f e c t s .  
f .  Bulk Defects - Bulk de fec t s  a r e  those  occurr ing  i n  t h e  b a s i c  
s i l i c o n  s t a r t i n g  m a t e r i a l .  These d e f e c t s  account f o r  only a  
minor po r t ion  of t he  f a i l u r e s  i n  i n t e g r a t e d  c i r c u i t s .  The de- 
f e c t s  i n  t h i s  c l a s s i f i c a t i o n  a r e  d i s l o c a t i o n s ,  impuri ty  d i f f u -  
s ions  and p r e c i p i t a t i o n s ,  e t ch  p i t s 1 * ,  and r e s i s t i v i t y  g rad ien t s  
r e s u l t i n g  from mechanical and thermal  shock19. These d e f e c t s  
can l e a d  t o  d i f f u s i o n  sp ikes ,  which, i n  t u r n ,  cause h o t  s p o t s ,  
vo l tage  breakdown, and o the r  dev ia t ions  from t h e  des i r ed  e l e c t r i -  
c a l  c h a r a c t e r i s t i c s .  Such de fec t s  a r e  usua l ly  induced i n  t h e  
c rys t a l -p repa ra t ion  process .  
The s t e e p  concent ra t ion  gradien ts  found i n  e p i t a x i a l  d i f f u s i o n  
r e s u l t  i n  c r y s t a l  l a t t i c e  s t r a i n .  This  s t r a i n  i s  subsequently 
r e l ea sed  by t h e  formation of d i s l o c a t i o n  s t r u c t u r e s  t h a t  conta in  
edge components perpendicular  t o  t h e  concent ra t ion  g rad ien t .  The 
chip is  s t r u c t u r a l l y  weaker a t  t h e  d i s l o c a t i o n  f a u l t  plane;  thus 
bulk f a i l u r e  can b e  t r i g g e r e d  by mechanical s t r e s s .  
aevi di  i ti,:; i ri e p i t d x i a !  ~ L O L J ~ ~ ,  r r s u l !  i i ig Lii; i~l ipizri ty dii-f  u s i o n ,  
a r e  a n o t h e r  s o u r c e  of brnllt f a i  Lures,  L m p u r i ~ y  d i f f u s i o n  i s  more 
l i k e 1  y a l o n g  edge d i s l o c a t i o n s ,  p a r t i c u l a r l y  a l o n g  t h e  a r r a y s  of  
edge d i s l o c a t i o n s  t h a t  form s m a l l - a n g l e  g r a i  n  b o u n d a r i e s .  The 
p r e c i p i  t a t i o r r  of irnpuri t i e s  a t  t h e  r e s t i l t i n g  c r y s  t a l - l a t t i c e -  
o r i e n t a t i o n  f a u l t  p l a n e s  i s  b e l i e v e d  t o  lower  t h e  r e v e r s e  b reak-  
down v o l t a g e  i n  e p i t a x i  al d e v i c e s .  
R e s i s t L v i t y  g r a d i e n t s  caused by a  h e a t  d i f f e r e n t i a l  between t h e  
c e n t e r  and t h e  o u t e r  s u r f a c e  of t h e  c h i p  can r e s u l t  i n  secondary  
breakdown. Large  l o c a l  s t r e s s e s  can c a u s e  changes i n  r e s i s t i v i t y  
and,  hence ,  i n  e l e c t r i c a l  c h a r a c t e r i s  t i c s ,  These  l o c a l  s t r e s s e s  
can b e  caused by mecllanical  shock o r  v i b r a t i o n ,  which would gen- 
e r a l l y  r e s u l t  i n  mic rophon ics ,  The s t r e s s  l e v e l s  u s u a l l y  would 
have t o  b e  s o  h i g h  a s  t o  b e  d e s t r u c t i v e  i n  o t h e r  a r e a s  ( s e a l s ,  
bonds,  e t c )  , S u f f i c i e n t l y  l a r g e  s t r e s s  c o n c e n t r a t i o n s  c a n  c r a c k  
t h e  d i e ,  
C t  h a s  b e e n  determined t h a t  t h e o m a j o r  number of d i s l o c a t i o n s  oc- 
c u r e  a t  d e p t h s  of 2000 t o  6000 A below t h e  ox ide  i n t e r f a c e  .20 
T h i s  s u b s u r f a c e  d i s l o c a t i o n  coun t  was g r e a t l y  reduced by annea l -  
i n g  t h e  w a f e r s  f o r  1 7  h r  a t  900°Ce 
a. Integrated Circuit Seleciiio-n Critel-ia - The c r i t e r i a  f o r  s e l e c -  
t i o n  of i n t e g r a t e d  c i r c u i t s  f o r  a l o n g - l i f e  program must b e  
thorough ly  and c l e a r l y  d e f i n e d ,  and e n f o r c e d ,  t o  avo id  r e j e c t i o n  
of t h e  p a r t s  i n  a  l a t e r  phase  of t h e  program, I f  a  p a r t  i s  i n i -  
t i a l l y  approved,  even t e n t a t i v e l y ,  i t  i s  t h e n  t o o  l a t e ,  economi- 
c a l l y ,  t o  r e j e c t  i t ;  i rnn~ed ia te ly  upon tentakive c~pprova2, t h e  r e -  
q u e s t o r  wllo f i n d s  t l ie  p a r t  c h a r a c t e r i s t i c s  advantageous  w i l l  
desigi-2-iiz t h e  p a r t  i n  a  sys tem,  The p e n a l t y  Pn c o s t  of r e d e s i g n  
and r e s c h e d u l i n g  rnay t h e n  beconie p r o h i b i t i v e  . 
T h e r e f o r e ,  i r r  tlre s e l e c t i o n  of i n t e g r a t e d  c i r c u i t s  f o r  l o n g - l i f e  
a s s u r a n c e ,  p a r t i c u l a r  a t t e n t i o n  must b e  p a i d  t o  manufac tu r ing  
p r o c e s s e s  and m a t e r i a l s  t h a t  c o n t r i b u t e  t o  long-term s t a b i l i t y  o r  
i n s t a b i l i t y .  Those p r o c e s s e s  w i t h  known wearout mechanisms o r  
time-deperndent f a i l u r e  lnechai~isrns t h a t  a f f e c t  t h e  l i f e  of t h e  
p ~ o g r  dl11 /IZUA L b e  i d e n t i  f i e d  arrd c a r e f r i l l y  avo ided ,  o r  minimized,  
In a d d i t i o n ,  p a r t s  shou ld  b e  s e l e c t e d  that  minimize t h e  p o t e n t i a l  
f a i l u r e  mechanisms d e t a i l e d  i n  t h e  p r e v i o u s  s e c t i o n s  of t h i s  chap- 
t e r  'Che f o f  lowing d e t a i  3s a r e  snirunarized i n  'fab_le 2 ,  which 
appcisrs ,4f~er SubsecLinn 2 , a ,  11) , 
2 )  Chip Fabrication - Both s i l i c o n  n i t r i d e  and phosphos i l icaee  
g l a s s  (PSG) overcoat ings have been found t o  g r e a t l y  enhance t h e  
r e l i a b i l i t y  and improve t h e  s u r f a c e  s t a b i l i t y  of bo th  MOS and 
b i p o l a r  devices .  ' 9  22 9 These g l a s s i v a t i o n  m a t e r i a l s  a c t  a s  
g e t t e r i n g  agents  f o r  sodium i o n s ,  thus  making t h e  contamination 
f a r  less mobile. When depos i ted  over t h e  t o t a l  s u r f a c e ,  inc lud-  
i n g  t h e  me ta l i za t ion ,  t h e  m a t e r i a l  n o t  only provides an e x c e l l e n t  
p r o t e c t i o n  a g a i n s t  m e t a l i z a t i o n  s c r a t c h e s  b u t  a l s o  r e t a r d s  metal  
migra t ion  i n  t h e  aluminum conductors . 3 
Because t h i s  one process  can minimize fou r  time-dependent f a i l u r e  
mechanisms ( f l a k i n g ,  i nve r s ion ,  s c r a t c h e s ,  and migrat ion)  , i t  be- 
comes a very important  s e l e c t i o n  c r i t e r i o n  f o r  l o n g - l i f e  p a r t s .  
2 )  Chip-to-Header Bond - Experience has proven g l a s s  f r i t  d i e  
bond a s  t o t a l l y  u n s a t i s f a c t o r i l y  i n  Kovar-glas s packages . Due 
t o  t h e  b r i t t l e n e s s  of t h e  f r i t ,  t h e  m a t e r i a l  s e p a r a t e s  when t h e  
p a r t s  a r e  sub jec t ed  t o  mechanical shock and when t h e  packages 
a r e  f lexed.  The i n t e n t  of t h e  referenced NASA-ALERT i s  t o  pro- 
h i b i t  t h e  u se  of g l a s s  f r i t  d i e  bonding i n  any package t h a t  can 
b e  f lexed .  
The long-term e f f e c t s  of epoxy and o t h e r  polymer d ie -a t tach  mate- 
r i a l s  i s  unknown and, t h e r e f o r e ,  should b e  avoided, e s p e c i a l l y  be- 
cause t h e  f i n a l  c h a r a c t e r i s t i c s  depend on t h e  propor t ions  of ad- 
hes ive  and hardener  and t h e  time and temperature of cur ing .  Fur- 
thermore, because many of t h e  polymer d ie -a t tach  m a t e r i a l s  a r e  
f i l l e d  wi th  s i l v e r  t o  i n c r e a s e  thermal conduction, and t h e  migra- 
t i o n  c h a r a c t e r i s t i c s  of s i l v e r  a r e  w e l l  e s t a b l i s h e d ,  t h i s  type  of 
m a t e r i a l  should n o t  be  used. Therefore,  e u t e c t i c  a l l o y  d i e  a t t a c h  
should b e  t h e  only m a t e r i a l  approved f o r  d i c e  at tachment .  
Beam l ead  attachment has  g r e a t  r e l i a b i l i t y  p o t e n t i a l  bu t  r equ i r e s  
f u r t h e r  development. The "bump" o r  f l i p - c h i p  process  has proven 
u n s a t i s f a c t o r y  i n  p a s t  usage by one major commercial manufacturer ,  
and i s  no t  genera l ly  acceptab le  a t  t h i s  t ime.  
3) Internal Interconnection Wires - Monometallic i n t e r n a l  i n t e r -  
connect sys  terns a r e  a n e c e s s i t y  f o r  l o n g - l i f e  assurance .  There- 
f o r e ,  gold wi re s  are mandatory wi th  gold meta l ized  d i c e  and alumi- 
num in t e rconnec t ing  w i r e s  with aluminum metal ized d i c e .  From an 
o v e r a l l  r e l i a b i l i t y  s t andpo in t ,  t h e  a l l -go ld  sys  tem must be  t h e  
recommended process  f o r  l o n g - l i f e  assurance : t h e  gold b a l l  bond- 
i n g  process  has  many years  of product ion h i s t o r y ;  t h e  gold me ta l i -  
z a t i o n  system, although p re sen t ly  only used on one major produc- 
t i o n  l i n e ,  i s  nea r ly  unaf fec ted ,  i n  comparison t o  aluminum, by  
t h e  e k f e c t s  of e!ecr roivi grcli-ion, m i  c rc icracks ,  and o t h e r  r e l i a b i l -  
i t y  problems encountered on t h e  alunlinum s y s  tems . I n  a d d i t i o n ,  
t h e  gold  sys tem appears  t o  p r o v i d e  g r e a t e r  advantages  i n  t h e  de- 
velopment of beam-lead p r o c e s s i n g .  
The aluudnum system a l s o  has  s p e c i f i c  advantages:  
A v a i - l a b i l i t y  - The all-aluminum sys tem i s  p r e s e n t l y  a v a i l a b l e  
on n e a r l y  a l l  p a r t s  from a l l  s u p p l i e r s ;  
Economical - Since  t h e  aluminum sys tem i s  i n  g e n e r a l  produc- 
t i o n ,  i t  i s  f a r  l e s s  c o s t l y  t h a n  imposing t h e  a l l - g o l d  sys tem 
requ i rements  or1 s u p p l i e r s .  
However, t h e  u l t r a s o n i c  bonding p r o c e s s  i s  very  complex and s t r i n -  
gen t  c o n t r o l s  must b e  imposed i f  t h i s  bonding procedure  is  t o  b e  
used f o r  d e v i c e s  intende.d f o r  ae rospace  a p p l i c a t i o n s  where ve ry  
h i g h  r e l i a b i l i t y  i s  r e q u i r e d ,  24 The o p e r a t o r ,  t h e  machine,  and 
t h e  m a t e r i a l s  invo lved  a l l  i n t e r a c t  t o  a f f e c t  t h e  s t r e n g t h  and 
r e l i a b i l i t y  of u l t r a s o n i c  w i r e  bonds.  
4) MetaZization - E l e c t r o m i g r a t i o n  h a s  been  found t o  b e  propor-  
t i o n a l  t o  t h e  c u r r e n t  d e n s i t y  i n  an  aluminum conductor .  2 5  
The d e n s i t y  w i l l  b e  much g r e a t e r  a t  t h e  t h i n n e s t  p o i n t  a l o n g  a con- 
d u c t o r  because  t h e  c u r r e n t  remains c o n s t a n t  w h i l e  t h e  m e t a l i z a t i o n  
becomes l e s s .  T h e r e f o r e ,  p a r t s  hav ing  m e t a l i z a t i o n  s c r a t c h e s ,  re- 
d u c t i o n  by e t c h i n g ,  o r  t h i n  m e t a l  a t  ox ide  s t e p s  w i l l  b e  f a r  more 
s u s c e p t i b l e  t o  f a i l u r e  a t  t h o s e  s i t e s ,  Methods of minimizing t h e  
problem of t h i n  meta l  a r e  (1) r e q u i r e  m e t a l  t h i c k n e s s  t h a t  i s  ap- 
p rox imate ly  t h e  same a s  t h e  maxi-mum oxide  d e p t h ,  t o  p rov ide  s u f -  
f i c i e n t  c r o s s  s e c t i o n  a t  t h e  s t e e p e s t  ox ide  s t e p s ,  ( 2 )  c o n t r o l  
t h e  d e s i g n  of t h e  p a r t  s o  t h a t  c u r r e n t  d e n s i t y  w i l l  b e  less t h a n  
5 x 1 0 ~  amp/cw2 o r  as  f u r t h e r  d e f i n e d  by a s p e c i f i c  program, (3)  
c o n t r o l  g r a i n  s i z e  of t h e  n l e t a l i z a t i o n  t o  >8 microns ,  and (4)  
g l a s s i v a t e  t h e  s u r f a c e  over t h e  m e t a l ,  
5) h's tab Zished Procasses - Regard less  of t h e  p o t e n t i a l  r e l i a b i l -  
i t y  g a i n  p o s s i b l e  by approva l  of newer p r o c e s s e s ,  t h e  r i s k  cannot  
b e  assumed on l o n g - l i f e  assurance  programs. U n t i l  a  p r o c e s s  i s  
thoroughly e v a l u a t e d  and t h e  f  a i l u r e  mechanisms i d e n t i f i e d ,  an 
e f f i c i e n t  s c r e e n i n g  program cannot  b e  d e f i n e d .  T h e r e f o r e ,  unproven 
p rocesses  m u s ~  b e  giverr impor tan t  c o n s i d e r a t i o n  i n  t h e  s e l e c t i o n  
c r i t e r i a ,  
Processes  tha. t  f a l l  i n t o  t h e  unproven o r  i n s u f f i c i e n t l y  e v a l u a t e d  
ca tegory  incLude b eam-leau d e v i  c e s  , 
and amorphous semiconduc tors ,  . Also 
grammable memories a r e  a p p a r e n t  improvements t h a t  r e q u i r e  addi-  
t i o n a l  e v a l u a t i o n  b e f o r e  accep tance ,  j u s t  a s  a r e  some of  t h e  newer 
d i e  m e t a l i z a t i o n  m a t e r i a l s ,  i n t e r c o n n e c t i o n  w i r e s ,  and bonding 
c a p a b i l i t i e s ,  
6) Paekage Sealing Glasses - Low-temperature s e a l i n g  g l a s s  i s  
a n o t h e r  example of a m a t e r i a l  w i t h  a known f a i l u r e  mechanism t h a t  
can  b e  avoided i n  many i n s t a n c e s .  These  s o l d e r  g l a s s e s  c o n t a i n  
a h i g h  l e a d  ox ide  (PbO) c o n t e n t  t h a t  can  b e  reduced t o  m e t a l l i c  
l e a d  by exposure  t o  reduc ing  agents .26 Wherever p o s s i b l e ,  selec- 
t i o n  c r i t e r i a  shou ld  s p e c i f y  high- temperature  g l a s s  o r  ceramic  
i n  t h e  e x t e r n a l  l e a d  s e a l i n g  area. 
Other  u n d e s i r a b l e  materials i n c l u d e  polymers2 (epoxy, s i l i c o n e ,  
p l a s t i c s ,  e t c )  i n  s e a l  areas due t o  poor h e r m e t i c  c a p a b i l i t y  and 
m o i s t u r e  r e s i s t a n c e  i n  a d d i t i o n  t o  c o r r o s i v e  c a p a b i l i t y  and poor  
t h e r m a l  expansion c h a r a c t e r i s  t i c s .  For long-term r e l i a b i l i t y ,  
s e a l  l e a k  rate a l s o  p l a y s  an  i m p o r t a n t  p a r t  i n  s e l e c t i o n  of p a r t s .  
A s e a l  l e a k  rate of 1 x ATM c c / s  w i l l  a l l o w  t h e  i n t e r n a l  
atmosphere of a p a r t  t o  b e  r e p l a c e d  w i t h  e x t e r n a l  atmosphere 100 
t imes w h i l e  an e q u i v a l e n t  package w i t h  a lea-k rate of 1 x 
undergoes one i n t e r n a l  atmosphere replacement .  The m o i s t u r e  and 
con tamina t ion  p o s s i b i l i t i e s  a r e  obvious .  
7)  Usage History - A prime c o n s i d e r a t i o n  i n  t h e  s e l e c t i o n  of p a r t s  
must b e  usage h i s t o r y .  The more e x t e n s i v e l y  a p a r t  i s  used ,  t h e  
more knowledge i s  ga ined  of a p p l i c a b l e  f a i l u r e  mechanisms and t h e  
more e f f i c i e n t  development of s c r e e n i n g  t e c h n i q u e s .  P a s t  usage 
a l s o  a i d s  i n  t h e  i d e n t i f i c a t i o n  of time-dependent f a i l u r e  mechan- 
isms t h a t  may n o t  b e  d e t e c t e d  i n  s c r e e n i n g .  
The p o s s i b i l i t y  of obso lescence  i n  p a r t  s e l e c t i o n  c r i t e r i a  becomes 
very  impor tan t  i n  long-term programs. Replacement p a r t s  must b e  
a v a i l a b l e  i n  t h e  e v e n t  of t e s t i n g  e r r o r s ,  o r  t h e  r e s u l t a n t  re- 
d e s i g n  cou ld  have tremendous s c h e d u l e  and packaging impac t .  T h i s  
i s  one example when usage h i s t o r y  must b e  d e c l a r e d  of secondary 
importance . 
8) Mu Ztip Ze Procureme7zt Sources - M u l t i p l e  s o u r c e s  f o r  p a r t s  
must a l s o  b e  cons idered  i n  t h e  s e l e c t i o n  c r i t e r i a  f o r  p a r t s .  The 
r a p i d  growth i n  t h e  f i e l d  of i n t e g r a t e d  c i r c u i t  manufac tu re r s ,  
t h e  merging of many of t h e  f i r m s ,  and t h e  p r e s e n t  t r e n d  of even 
rnajor rnanutdcrlurers to withdraw from the s c e n e  i n d i c a t e s  t h e  neces -  
s i t y  f o r  s e l e c t i n g  p a r t s  manufactured by more t h a n  one s u p p l i e r .  
M u l t i p l e  sourced  p a r t s  a r e  u s u a l l y  more c o m p e t i t i v e l y  p r i c e d ,  and 
t h e  compet i t ion  t e n d s  t o  s p u r  improvements i n  t h e  p r o d u c t .  I n  
a d d i t i o n ,  a  program s t a n d s  a much b e t t e r  chance of n o t  l o s i n g  a l l  
s o u r c e s  by t h e  f a i l u r e  of one company, Fur the rmore ,  m u l t i p l e  
sourced  p a r t s  a r e  u s u a l l y  a v a i l a b l e  w i t h  a  w i d e r  s e l e c t i o n  of 
packages and manufac tu r ing  p r o c e s s  t h a n  s i n g l e  s o u r c e  i t e m s .  
9) External Materials - S e l e c t i o n  c r i t e r i a  must i n c l u d e  p r o h i b i t -  
i n g  t h e  u s e  of sub l iming  o r  o u t g a s s i n g  m a t e r i a l s .  I n  long-term 
use ,  t h e  sys tems may b e  exposed t o  s p a c e  environments  a  m u l t i p l e  
of t i m e s ,  t h u s  t h e  con tamina t ion  e f f e c t s  on s u r r o u n d i n g  s u r f a c e s  
becone a d d i t i v e ,  p r o v i d i n g  a  t ime-dependent f a i l u r e  mechanism t o  
t h o s e  s u r f a c e s ,  I n  a d d i t i o n ,  many m a t e r i a l s  are known t o  d e t e r i -  
o r a t e  w i t h  age and environment ,  s o  they  must b e  c a r e f u l l y  s e l e c t e d  
10) Active Production - The p r o d u c t i o n  h i s t o r y  of p a r t s  i s  very  
impor tan t  i n  s e l e c t i n g  p a r t s  f o r  long-term u s e ,  Numerous t i m e s ,  
s u p p l i e r s  have  a d v e r t i s e d  p a r t s  and s u p p l i e d  samples b e f o r e  p lac -  
i n g  t h e  p a r t s  i n  f u l l  p roduc t ion .  When t h e  expec ted  market d i d  n o t  
m a t e r i a l i z e ,  t h e  s u p p l i e r  found i t  was n o t  economical ly  f e a s i b l e  
t o  p l a c e  t h e  p a r t  i n  p r o d u c t i o n  and ceased  f u r t h e r  e f f o r t .  Again 
des ign  and s c h e d u l e s  can b e  j e o p a r d i z e d .  
2 2 )  Additional Process Con.troZs - It h a s  been  n o t e d  t h a t  when 
t h e  s u b s t r a t e  is  h e a t e d  t o  a t  l e a s t  300°C d u r i n g  t h e  d e p o s i t i o n  
of t h e  m e t a l l i z a t i o n ,  t h e  g r a i n  s i z e  i n c r e a s e s  t o  a  more d e s i r a b l e  
l e v e l ,  It w a s  a l s o  n o t e d  t h a t  a  much b e t t e r  m e t a l i z a t i o n  t h i c k -  
n e s s  a t  t h e  ox ide  s t e p  i s  achieved i f  t h e  PSG i s  k e p t  l e s s  than  
0 . 2 4  micron t h i c k .  
Tab le  2 sunmarizes  t h e  above d e t a i l s ,  
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b. Results o f  Survey - Aerospace u s e r s  of e l e c t r o n i c  p a r t s  were 
surveyed i n  r e g a r d  t o  t h e i r  procusre~nent and s p e c - f  i c a t i o n  prac-  
t i c e s  i n  o b t a i n i n g  h i g h  r e l i a b i l i t y  i n t e g r a t e d  c i r c u i t s ,  Tab le  
3 l is ts  t h e  r e s u l t s  of t h i s  survey.  
T d k  3 Survey o f  E Zectronic Pm>t Usel~s 
Monol i th ic  I C s  
I I 
User 
MS FC 
(Mr. Leon Hamiter)  
GSFC 
(Mr. Don Anna) 
(CMOS : MIL-M-38510 
J P  L 
(Mr. Erv  K l i p p e n s t e i n )  
Hughes 
(Mr. C l i f f  Ryerson) 
- - 
S a n d i a  
(Mr. D, G. Skogmo) 
Unique T e s t  o r  
S p e c i f i c a t i o n  Requirement 
- 
Wafer l o t  t r a c e a b i l i t y  
Lot  s i z e  l i m i t  
SEM wafer  sample 
Meta l  t h i c k n e s s  t e s t  
Sample extended the rmal  
sho ck 
Sample w i r e  bond p u l l  
Sample c h i p  removal 
Sample SEM i n s p e c t i o n  
Wafer l o t  t r a c e a b i l i t y  
SEM w a f e r  l o t  sample 
Burn-in: HTRB "N" and 
1 1  P 1 3  channel  p l u s  forward 
b i a s  
S e a l  w a f e r  i n s p e c t i o n  
M a t e r i a l s  i n s p e c t i o n  
Some long  burn-in 
Extended t empera tu re  c y c l e  
a t  c a r d  l e v e l  approx.  100 
c y c l e s  
100% l e a d  bond p u l l  
R a t i o n a l e / J u s  t i f i c a t i o n  
To r e t r i e v e  a l l  of a bad  
l o t  and p r o v i d e  iden-  
t i c a l i t y .  
To minimize t r a c e a b i l i t y  
problems . 
Detec t  poor m e t a l i z a t i o n .  
De tec t  i n a d e q u a t e  t h i c k -  
n e s s .  
Thermal expansion compat- 
a b i l i t y  of materials. 
To d e t e c t  improper  bonds 
and bonders .  
To d e t e c t  improper  c h i p  
a t t achment .  
To e v a l u a t e  e f f e c t s  of 
s c r e e n i n g .  
To r e t r i e v e  a l l  of a bad 
l o t  
To d e t e c t  poor  m e t a l i z a t i o n  
To maximize t h e  e f f e c t s  o f  
e l e c t r i c a l  s t r e s s  b y  sub- 
j e c t i n g  each  c h a n n e l  t o  
w o r s t  c a s e  b i a s ,  t h e n  over- 
a l l  f u n c t i o n a l  b u m - i n .  
To d e t e c t  poor  m e t a l i z a t i o n  
To d e t e c t  poor m a t e r i a l s .  
S p a c e c r a f t  use  only  ( n o t  
many f a i l u r e s  beyond 2001 
300 h o u r s )  
D e t e c t s  bad p a r t s  and 
p r o c e s s e s  i n  assembly.  
To d e t e c t  o p e r a t o r  e r r o r  o r  
o u t - o f - c a l i b r a t i o n  equ ip-  
men t , 
c. Alterna-tiue Approaches - Although t h i s  t i t l e  i s  n o t  r e a l l y  
a p p l i c a b l e  t o  S S l  and MSl i n t e g r a t e d  c i r c u i t s ,  a few a l t e r n a t i v e  
approaches a r e  n o t e d  i n  T a b l e  4 .  T h i s  t a b l e  i d e n t i f i e s  some of 
t h e  t r a d e o f f  s t u d i e s  t h a t  a r e  r e q u i r e d  f o r  c o n s i d e r i n g  approaches  
a s  a l t e r n a t e s  t o  i n t e g r a t e d  c i r c u i t s  i n  c i r c u i t  d e s i g n .  
Tab Ze 4 A Zternak5ue Appxoaeh T~acleo f j's 
- 
Tradeof f  
Requi res  custom d e s i g n  i n  many f u n c t i o n s ;  o c c u p i e s  l e s s  volume; 
l e s s  we igh t ;  g r e a t e r  p o t e n t i a l  r e l i a b i l i t y  due t o  many fewer i n -  
Hybrid 
t e r c o n n e c t i o n s ,  bonding w i r e s ,  d i e  bonds ,  packages and s e a l s ;  
h i g h e r  c o s t  due t o  custom masks; more complex e l e c t r i c a l  sc reen-  
i n g  t e s t s  and f i x t u r e s  r e q u i r e d ;  much l o n g e r  s c h e d u l e s  and t u r n  
around t i m e  on custom LSI. 
Less  r e l i a b l e  t h a n  m o n o l i t h i c ;  g r e a t e r  accuracy ;  more custom 
c a p a b i l i t i e s ;  more c o s t l y  t h a n  s t a n d a r d  SSIIMSI; g r e a t e r  volume 
and weight  t h a n  m o n o l i t h i c .  
I D i s c r e t e  I Maximized e x t  e r n a l  i n t e r c o n n e c t s ;  least u n i f  orm i n  r e l i a b i l i t y ;  I 
g r e a t e s t  volume and weigh t ;  g r e a t e s t  accuracy ,  most c a p a b i l i t y  i n  
cus tomiz ing  c i r c u i t r y .  
r o l s  
c o n t r a c t s ,  
Environmental  Cost  and r e l i a b i l i t y  t r a d e o f f s  between normal ly  e s t a b l i s h e d  en- 
v i ronmenta l  t e s t s  and l e v e l s ,  and program unique t e s t s  and 
l e v e l s .  
Lead 
P r e f  o m i n g  
B i p o l a r  and 
Var ious  MOS 
Corrf2gtlralzions 
c o s t  and r e l i a b i l i t y  t r a d e o f f s  between procurement of p a r t s  w i t h  
preformed l e a d s ,  u s e r  doing t h e  preforming,  and damage i n  a t t a c h -  
ment o f  r lonprefomed l e a d s ,  
R e l i a b i l i t y  t r a d e o f f s  between b i - p o l a r  c i r c u i t s  and t h e  numerous 
v a r i a t i o n s  a v a i l a b l e  i n  NOS. 
d ,  Hardware Life - I n t e g r a t e d  c i r c u i t  f a i l u r e s  are p r i m a r i l y  caused 
by d e f e c t s  d u r i n g  manufactur ing and s e c o n d a r i l y  by e r r o r s  d u r i n g  
test and improper  hand l ing .  Wearout i s  on ly  a minor f a i l u r e  prob- 
lem t h a t  becomes n e a r l y  i n s i g n i f i c a n t  when used i n  a p p l i c a t i o n s  
w i t h  p r o p e r  d e r a t i n g s .  The t ime-dependent f a i l u r e  mechanisms sum- 
marized i n  T a b l e  5 are not supp l ie r -dependen t  b u t  a r e  unique t o  
s p e c i f i c  p r o c e s s e s ,  s e v e r a l  of which can b e  avoided.  
Table 5 Part/~omponent Time Dependent Mechanisms 
s i z e  and c u r r e n t  t h e  p a r t ,  t empera tu re  i n  ap- 
Gold-Aluminum, 
E u t e c t i c  a t  Wire 
of con tamina t ion .  
z a t i o n  under  Oxide 
I n c r e a s i n g  Contac t  
R e s i s t a n c e  
s p e c i f y  Mo-Au. 

e .  Application Guide l ines  - The s e l e c t i o n ,  q u a l i f i c a t i o n ,  and 
s c r e e n i n g  of p a r t s  and i n c l u s i o n  on a c o n t r o l l e d  p a r t s  l i s t  merely  
a s s u r e s  t h a t  t h e  p a r t s  do n o t  c o n t a i n  b a s i c  d e s i g n  f a u l t s  and t h a t  
t h o s e  p a r t s  c o n t a i n i n g  o p e r a t o r  e r r o r s  have  been removed from t h e  
l o t  of p a r t s  d e l i v e r e d  by t h e  s u p p l i e r .  The improper a p p l i c a t i o n  
of t h e  p a r t s  can n e g a t e  a l l  t h e  e f f o r t  expended i n  manufactur ing 
and t e s t i n g .  
There  a r e  a number of de s ign  p r a c t i c e s  and requ i rements  t h a t  are 
c o n s i d e r e d  e s s e n t i a l  f o r  t h e  r e l i a b l e  a p p l i c a t i o n  of p a r t s  t h a t  
w i l l ,  i n  f a c t ,  enhance t h e  b a s i c  r e l i a b i l i t y  of t h e  p a r t s .  These 
p r a c t i c e s  and requ i rements ,  d e t a i l e d  below, a r e  n e c e s s a r y  t o  e n -  
s u r e  l o n g  l i f e  a s s u r a n c e .  The impact of sys tem d e s i g n  c r i t e r i a  
on r e l i a b i l i t y  is l i s t e d  i n  T a b l e  6 .  
1 )  General ,  
a )  I n t e g r a t e d  c i r c u i t s  g e n e r a l l y  do n o t  have b u i l t - i n  s t a t i c  
charge  p r o t e c t i o n ,  Thus,  t h e y  r e q u i r e  p r e c a u t i o n a r y  han- 
d l i n g  p rocedures  and c a r e f u l  a t t e n t i o n  t o  s a f e t y  l i m i t  
c i r c u i t  v o l t a g e  t r a n s i e n t s .  
b )  The c a s e  t empera tu re  shou ld  b e  l i m i t e d  t o  8 5 O C  t o  mini-  
mize  temperature-depend- f a i l u r e  mechanisms. 
c)  When i n t e r f a c i n g  w i t h  o t h e r  s i m i l a r  c i r c u i t s ,  c u r r e n t  
l i m i t i n g  s h o u l d  b e  p rov ided  t o  e n s u r e  t h a t  power d i s s i p a -  
t i o n  c a p a b i l i t i e s  are n o t  exceeded. 
2)  D i g i t a l  sys tems ,  
a )  A l l  l o g i c  sys tems s h a l l  b e  broken i n t o  f u n c t i o n a l  b l o c k s  
s o  a l o g i c a l  v e r i f i c a t i o n  can b e  made by u s i n g  a n a l y t i c a l  
t e c h n i q u e s  ( t r u t h  t a b l e s ,  Karnaugh maps, s t a t e  t a b l e s ,  
t i m i n g  diagrams,  e t c )  . 
b)  A l l  sys tems r e q u i r i n g  t i m e  c o r r e l a t i o n  f o r  l o g i c  opera-  
t i o n  ( i . e , ,  f l i p - f l o p  g a t i n g ,  s e q u e n t i a l  d a t a  h a n d l i n g ,  
e t c )  s h o u l d  b e  implemenced as a synchronous (c locked)  s y s -  
t e m .  The c lock  may b e  t ime  o r  d a t a  c o r r e l a t a b l e  b u t  must 
b e  unambiguous. The i n h i b i t  t i m e  d u t y  c y c l e  of t h e  c lock  
s h o u l d  c o n t a i n  a l l  of t h e  c l o c k  t r i g g e r e d  s w i t c h i n g  t r a n -  
s i e n t s  t h a t  may c a u s e  ambiguous states d u r i n g  deconrunuta- 
t i n g / d e c o d i n g ,  To minimize n o i s e  s u s c e p t i b i l i t y  i n  t h e  
mas te r  mode of a  c o n v e n t i o n a l  J-K f l i p - f l o p ,  t h e  e n a b l e  
du ty  c y c l e  of t h e  c lock  shou ld  b e  minimized,  
System Design Criteria 
1. Voltage, current and tem- 
perature ranges must be 
derated 
2. Leakage currents double 
each 8 to l2'C tempera- 
ture rise 
3 .  Parts are electrostatic 
sensitive 
4. Most parts are available 
in hermetically sealed 
flat packs only 
5. Supply voltages must have 
typically 10% tolerance 
6 .  Low power parts are lim- 
ited to low MHz opera- 
tions range; typical max- 
imum of higher power 
parts limited at 50 to 
100 MHz range 
7. Circuits packaged in very 
small volume; low power 
dissipation; less weight 
8. Parts readily available 
only in Standard Building 
Blocks 
9. All elements and bonds 
are of more uniform 
reliability in a circuit 
I 
Increases expected life, minimizes inoperable 
failures caused by drift. 
System temperature range must be controlled to 
prevent unacceptable leakages and accelerated 
life. 
Manufacturing and design must incorporate pro- 
tective measures. 
Planar packaging by soldering must be employed, 
connecting pads must be on 0.050 centers. Pro- 
vides center of gravity very near that of the PC 
card. 
Regulation of power system to less than 10% re- 
quired by design. 
For low power designation system design must de- 
sign with low speeds. Very high speed systems 
must be designed discrete. 
Design can allow for greater capability or re- 
dundancy in less volume and weight than dis- 
crete~. Heat sinking not critical. 
System must be designed compatible with available 
circuits rather than optimized function. 
Maverick parts more easily detected. Screening 
tests accomplished at level equivalent to PC 
board of discretes. 
c) Logic sys tems wi th  memory e lements  used i n  c o u n t e r s  o r  
sh i - f t  r e g i s t e r s  shou ld  bcr analyzed t o  detecrnine t h e  e f f e c t s  
on t h e  t o t a l  sys tem when an unused s t a t e  i s  e n t e r e d .  Pro- 
vi-sions shou ld  b e  made t o  e n s u r e  t h a t  such a  l o g i c  f u n c t i o n  
cannot  l o c k  up i n  an unused s t a t e  o r  g e n e r a t e  an  erroneous  
f u n c t i o n  when an  unused s t a t e  is  e n t e r e d .  The s e l e c t i o n  
of t h e  c o u n t e r  t y p e  shou ld  b e  s c r u t i n i z e d  t o  minimize t h e  
t o t a l  l o g i c  r e q u i r e d  t o  p rov ide  p roper  decoding and mini-  
mum unwanted s t a t e s  . 
d) Any s i g n a l  r e c e i v e d  i n t o  a  synchronous sys tem shou ld  have 
a  s i n g l e  p o i n t  of s y n c h r o n i z a t i o n .  Th is  p r e v e n t s  l o g i c  
a m b i g u i t i e s  that  e x i s t  when an  incoming s i g n a l  i s  synchro- 
n i z e d  a t  more t h a n  one p o i n t  by c l o c k  s i g n a l s  which a r e  
skewed. 
e)  Monostable m u l t i v i b r a t o r s  (one s h o t s )  shou ld  n o t  be  used 
f o r  d e l a y  o r  t ime  c o r r e l a t i o n  of l o g i c .  These f u n c t i o n s  
shou ld  b e  implemented by u s i n g  cloclced c o u n t e r s  o r  d e l a y  
l i n e s .  A11 "one s h o t s "  t h a t  a r e  used f o r  o t h e r  purposes  
shou ld  have 6 dB margin f o r  any p r e d i c t e d  n o i s e  on s i g n a l  
i n p u t s ,  power i n p u t s ,  o r  ou tpu t  feedback.  
f )  When s i g n a l s  a r e  t r a n s m i t t e d  over  c o n t r o l l e d  impedance 
l i n e s  (i.. e . ,  coax,  twinax,  t w i s t e d  p a i r ,  e t c )  , l i n e  char-  
a c t e r i s t i c s  such a s  RC d i s t o r t i o n ,  a t t e n u a t i o n ,  and propa- 
g a t i o n  d e l a y s  should b e  determined and t h e i r  e f f e c t s  used 
i n  t h e  wors t -case  a n a l y s i s  of t h e  sys tem.  
g) Logic  c i r c u i t r y  should b e  i n s e n s i t i v e  t o  s p u r i o u s  s i g n a l s ,  
p a r t i c u l a r l y  t o  t h o s e  genera ted  o u t s i d e  t h e  b l a c k  box o r  
equipment r a c k .  To f a c i l i t a t e  t h i s  r equ i rement ,  s y s  t e m  
i n t e r f a c e  c i r c u i t s  t h a t  do n o t  r e c e i v e  i n f o r m a t i o n  from 
c o n t r o l l e d  impedance t r a n s m i s s i o n  l i n e s  shou ld  p r o v i d e  
means f o r  r e j e c t i n g  t r a n s i e n t s  less t h a n  1.0 m s  i n  dura- 
t i o n ,  and having a  magnitude e q u a l  t o  t h e  maximum power 
supp ly  v o l t a g e  of t h e  two i n t e r f a c i n g  sys tems ,  Random 
t r a n s i e n t s  shou ld  b e  assumed t o  have a  1% duty  c y c l e .  
h) S e l e c t i o n  of a  s p e c i f i c  type of i n t e g r a t e d  c i r c u i t  l o g i c  
fami ly  t o  b e  used i n  a  sys tem shou ld  be  based on t h e  f o l -  
lowing c r i t e r i a  : 
( I )  Power consump t i o n ;  ( 3 )  Noise immunity; 
( 2 )  Weight and volume requ i rements ;  ( 4 )  Speed .  
A l l  i n t e r f a c e s  of d i s c r e t e  t o  I C  c i r c u i t r y ,  and I C s  of a  
d i f f e r e n t  f ami ly  shou ld  have a  margin of 10% o r  0.5 v ,  
whichever  is g r e a t e r ,  i n  t h e  h i g h  s t a t e  and 6 db i n  t h e  
low s t a t e .  The f o l l o w i n g  e x c e p t i o n s  a r e  a l l o w a b l e :  5% 
o r  0 , 3  v whichever i s  g r e a t e r ,  i n  t h e  h i g h  s t a t e  and 3  db 
i n  t h e  low s t a t e  shou ld  b e  r e q u i r e d  when such  c i r c u i t s  a r e  
t i e d  i n t o  a  common ground i n  a  module o r  on a  PC board  o r  
a l l  i n t e r f a c e d  w i t h  a  c o n t r o l l e d  and matched impedance 
t r a n s m i s s i o n  l i n e .  The l a t t e r  c a s e s  must a l s o  have no ex- 
t e r n a l  n o i s e  s o u r c e  af  f  e c  t i n g  t h e  s e n s i n g  mode. 
A l l  b l a c k  box /b lack  box, o r  r a c k / r a c k  l o g i c  i n t e r f a c e s  
shou ld  have  a  margin  of 10% o r  0 . 5  v ,  whichever i s  g r e a t e r ,  
i n  t h e  h i g h  s t a t e  and 6 db i n  t h e  low s t a t e ,  when r e f e r -  
enced t o  ground. 
i )  A l l  c i r c u i t s  must o p e r a t e  w i t h  t h e  s p e c i f i e d  minimum propa- 
g a t i o n  d e l a y  -20% and a  maximum of t h e  s p e c i f i e d  l i m i t  
f20%. F a c t o r s  t h a t  shou ld  b e  used i n  de te rmin ing  t i m i n g  
margins a r e  t h e  s p e c i f i e d  l o g i c  element d e l a y  i n c l u d i n g  
c a p a c i t i v e  l o a d i n g  e f f e c t s  , through d e l a y  of c o u n t e r  
g a t i n g ,  t h e  e f f e c t  of c lock  skew, and t h e  e f f e c t  of l i n e  
d e l a y .  
j) No t r a n s i e n t  i n p u t  must b e  a l lowed t o  reach  a "master 
s l a v e "  f l i p - f l o p  t h a t  can c a u s e  t h e  "master" p o r t i o n  of 
t h e  f l i p - f l o p  t o  be  set  and remain i n  a n  e r roneous  s t a t e  
such t h a t  i t  may b e  subsequen t ly  t r a n s f e r r e d  t o  t h e  
" s lave" ,  A l l  d a t a  l i n e s  must b e  s t a b l e  w i t h i n  t h e  e n a b l e  
p o r t i o n  of c l o c k  under wors t -case  c o n d i t i o n s .  
k) C i r c u i t s  t h a t  have a  memory requirement  d u r i n g  l o s s  of 
power a t  power t r a n s f e r  o r  d u r i n g  t h e  maximum t r a n s i e n t  
s p e c i f i e d  shou ld  m a i n t a i n  t h e  memory c a p a b i l i t y  f o r  t h e  
d u r a t i o n  of t h e  t r a n s i e n t  o r  power d ropout ,  p l u s  25% mar- 
g i n .  Ana lys i s  must show t h a t  no c a t a s t r o p h i c  o u t p u t s  
w i l l  b e  genera ted  d u r i n g  power up o r  power down condi-  
t i o n s .  
R )  Logic t h a t  d r i v e s  f l i p - f l o p s  must b e  a r ranged  s o  t h a t  a 
l o g i c a l l y  inde te rminan t  c o n d i t i o n  cannot  occur .  
m) Self - induced s w i t c h i n g  t r a n s i e n t s  must be  determined and 
suppressed  by adding c a p a c i t a n c e  t o  each p r i n t e d  w i r i n g  
board o r  module. The t o t a l  amount o,f c a p a c i t a n c e  r e q u i r e d  
i s  t o  b e  c a l c u l a t e d  t o  keep B+ and ground l i n e  v o l t a g e  
changes a t  a  s a f e  l e v e l ,  c u t t i n g  i n t o  t h e  s p e c i f i e d  n o i s e  
margin by no more t h a n  6 db (50%) .  
C a p a c i t o r s  t h a t  a r e  e f f e c t i v e  a t  t h e  r e l a t i v e l y  h i g h  f r e -  
quency p r e s e n t  i n  t h e  s w i t c h i n g  c u r r e n t  s p i k e s  s h o u l d  b e  
used.  For i n t e g r a t e d  c i r c u i t  b o a r d s ,  ceramic  c a p a c i t o r s  
shou ld  b e  used f o r  t h i s  purpose  t o  o p t i m i z e  b o t h  h i g h  capac- 
i t a n c e  p e r  s i z e  and good RF c h a r a c t e r i s t i c s .  Capac i to r  
l e a d s  should b e  h e l d  t o  a  minimum l e n g t h  and t h e  r e q u i r e d  
c a p a c i t a n c e  shou ld  b e  d i s t r i b u t e d  o v e r  t h e  PC board  o r  
module. 
The number of c a p a c i t o r s  r e q u i r e d  must b e  based on t h e  
p r i n t e d  w i r i n g  board  l e a d  i n d u c t a n c e  e x i s t i n g  between t h e  
c a p a c i t o r  and t h e  s w i t c h i n g  e lements .  Th i s  i n d u c t a n c e  
must be determined and minimized t o  r e a l i z e  t h e  b e n e f i t  
provided by t h e  added c a p a c i t o r s .  M u l t i l a y e r  p r i n t e d  
w i r i n g  b o a r d s ,  w i t h  BC and ground p l a n e s  a s  i n t e r n a l  
l a y e r s  and c l o s e l y  spaced ,  shou ld  b e  c o n s i d e r e d  f o r  mini-  
mum i n d u c t a n c e ,  p a r t i c u l a r l y  when any l o g i c  e lement  w i t h  
a n  a c t i v e  p u l l u p  i s  used.  
n) The l o g i c  power supp ly  shou ld  b e  des igned  such  t h a t  t h e  
wors t -case  o u t p u t  v o l t a g e  d e l t a  from nominal  i s  <60% of 
what i s  allowed by t h e  l o g i c  fami ly  used.  
3 )  I n p u t  C o n s i d e r a t i o n s ,  
a )  Unused i n p u t s  i n  l o g i c  and /or  s w i t c h i n g  c i r c u i t s  r e q u i r e  
s p e c i a l  c o n s i d e r a t i o n  a s  f o l l o w s :  
(1) DTL i n t e g r a t e d  c i r c u i t s  - Leave unused i n p u t s  open. 
( 2 )  T ~ L  i n t e g r a t e d  c i r c u i t s  - T i e  up a l l  unused i n p u t s ,  
i n c l u d i n g  p r e s e t  and c l e a r ,  t o  a v o l t a g e  e q u a l  t o  
VOH9 b u t  l e s s  t h a n  V IN ' P o s s i b l e  ways of h a n d l i n g  
unused i n p u t s  a r e :  
( a )  Connect t o  a  v o l t a g e  supp ly  of 2 .4  t o  3.5 v .  
(b)  Connect ( e x c e p t  p r e s e t  o r  c l e a r )  t o  a  d r i v e n  
i n p u t  . 
( c )  Connect t o  t h e  Logica l  l o u t p u t  of an unused 
g a t e .  11-47 
(d )  Connect t o  V through a  1 I< r e s i s t o r .  One t o  C C 
25 unused i n p u t s  may b e  connected t o  each  1 K 
r e s i s t o r .  
b)  The wors t -case  s e t u p  and r e l e a s e  t i m e s  f o r  f l i p - f l o p  i n -  
p u t s  must b e  determined.  
c )  Overshoot and r i n g i n g  may b e  p r e s e n t  a t  t h e  end of t r a n s -  
m i s s i o n  l i n e s  t h a t  c a r r y  f a s t  r ise t i m e  d a t a  i n f o r m a t i o n .  
T h i s  overshoo t  and r i n g i n g  shou ld  b e  c o n t r o l l e d  t o  p r e v e n t  
l o g i c  a m b i g u i t i e s  and t o  e n s u r e  t h a t  b o t h  p o s i t i v e  and 
n e g a t i v e  i n p u t  v o l t a g e  l i m i t a t i o n s  a r e  n o t  exceeded a t  
t h e  r e c e i v i n g  c i r c u i t s .  T h i s  s h o u l d  b e  c o n t r o l l e d  by one 
o r  more of t h e  f o l l o w i n g  methods: 
(1) Terminate  a t  l e a s t  one and p r e f e r a b l y  b o t h  send ing  
and r e c e i v i n g  ends of t h e  t r a n s m i s s i o n  l i n e  i n  i t s  
c h a r a c t e r i s t i c  impedance. 
(2)  L imi t  t h e  r ise t ime  of t h e  d a t a  a t  t h e  send ing  o r  
r e c e i v i n g  end of t h e  t r a n s m i s s i o n  l i n e  i n  sys tems 
w i t h  slow d a t a  r a t e  r e q u i r e m e n t s .  
c3) U s e  a  d iode  clamp t o  s u p p r e s s  n e g a t i v e  t r a n s i e n t s .  
4) Output  c o n s i d e r a t i o n s ,  
a )  Fanout must n o t  exceed 80% of t h e  r a t e d  maximum f o r  t h e  
c i r c u i t  and must b e  reduced from t h a t  l e v e l  where g r e a t e r  
n o i s e  immunity o r  c o r r e c t i o n s  f o r  h i g h e r  t h a n  s p e c i f i e d  
c i r c u i t  d i f f e r e n t i a l  t empera tu res  a r e  needed. 
b) Arrange l o g i c  s o  t h a t  i n t e r f a c e  s i g n a l s  between b l a c k  
boxes u s e  t h e  high-  o r  low-level  s t a t e  t h a t  o f f e r s  t h e  
g r e a t e s t  n o i s e  immunity a s  t h e  s a f e  o r  unarmed c o n d i t i o n  
of a  f u n c t i o n .  
c)  "Wired-Or" connec t ions  impose l o a d i n g  on t h e  ou tpu t  i n  
a d d i t i o n  t o  t h e  normal f a n o u t  l o a d .  This  l o a d i n g  s h o u l d  
be' i n c l u d e d  i n  t h e  l o a d i n g  a n a l y s i s  . "Wired-Or" c o n d i t i o n s  
a r e  n o t  pe rmi t t ed  w i t h  c i r c u i t s  hav ing  a  push-pul l  ou tpu t  
s t a g e .  
5) L inear  sys tems,  
a )  P rov ide  power suppl-y decoupi ing  with 0 . 1  vf  ceramic capac- 
i t o r s  from t h e  R+ and B- t e r m i n a l s  t o  ground. The e f f e c -  
t i v e  l e a d  l e n g t h  from t h e  c a p a c i t o r  t o  t h e  Bf and B- t e r -  
mina l s  and ground shou ld  b e  k e p t  t o  a  minimum. 
b)  The recommended f requency compensation network must b e  
provided.  I n  a d d i t i o n ,  c i r c u i t  c a p a c i t a n c e  l o a d i n g  e f -  
f e c t s  on t h e  phase  and g a i n  margin  must b e  determined.  
c )  Unless more s t r i n g e n t  d e r a t i n g  i s  r e q u i r e d  by t h e  s p e c i f i c  
usage ,  t h e  f o l l o w i n g  d e r a t i n g s  shou ld  b e  used t o  a l low f o r  
end of l i f e  d r i f t .  
I n i t i a l  o f f s e t  v o l t a g e  t 1 / 2  mv 
I n i t i a l  b i a s  c u r r e n t  x 2  
O f f s e t  c u r r e n t  x 2 
Open-loop g a i n  +20% 
Slew r a t e  +20% 
Common mode r e j e c t i o n  +20% 
Power supp ly  r e j e c t i o n  t20% 
d) It i s  n e c e s s a r y  t o  l i m i t  t h e  high-frequency g a i n  of feed-  
back a m p l i f i e r s ,  t o  p r e v e n t  o s c i l l a t i o n s  from o c c u r r i n g  
i n  t h e  packaged c i r c u i t r y ,  due t o  p a r a s i t i c  feedback l o o p s .  
e )  The o u t p u t  v o l t a g e  swing shou ld  b e  l i m i t e d  t o  75% of t h e  
m a n u f a c t u r e r ' s  s p e c i f i e d  range .  
E .  TEST METHODOLOGY AND REQUIREMENTS 
1. Q u a l i f i c a t i o n  T e s t i n g  
There  a r e  numerous ways i n  which t h e  t r a d i t i o n a l  q u a l i f i c a t i o n  
t e s t i n g  per  E s t a b l i s h e d  R e l i a b i l i t y  MIL-SPECS c a n  b e  improved. 
F i g u r e  4 p r e s e n t s  t h e  tests and sequence r e q u i r e d  p e r  MIL-M- 
38510, t h e  "improved TX" i n t e g r a t e d  c i r c u i t  s p e c i f i c a t i o n .  The 
t e s t  f low shown i s  e q u i v a l e n t  t o  most E s t a b l i s h e d  R e l i a b i l i t y  
MIL-SPECS. 
The f i r s t  and most obvious improvement c o n s i s t s  of changing Group 
C subgroups from p a r a l l e l  t e s t i n g  t o  a  form of  s e r i a l / p a r a l l e l  
t e s t i n g  t o  de te rmine  t h e  a d d i t i v e  d e g r a d a t i o n  of t h e  t e s t s  shown. 
A more d e s i r a b l e  sequence would b e  a s  f o l l o w s .  
V I I  - L i f e  C o n s t r u c t i o  
I n  t h e  sugges ted  sequence,  t h e  s t r e s s e s  imposed on p a r t s  by t h e r -  
mal t e s t i n g  are t h e n  f u r t h e r  aggrava ted  by mechanical  t e s t i n g ,  
i n  an a t t e m p t  t o  degrade i n f e r i o r  p a r t s  t o  a n  obv ious ly  d e t e c t -  
a b l e  l e v e l .  The sample i s  t h e n  s u b j e c t e d  t o  long- term l i f e  and 
s t o r a g e  t e s t i n g  t o  a i d  i n  t h e  d e t e c t i o n  of s u b t l e  changes n o t  
r e a d i l y  n o t e d  on a  s i n g l e  e l e c t r i c a l  t e s t .  I n  p a r a l l e l  w i t h  t h e  
n o t e d  sequence,  a  sample t h a t  h a s  been  s u b j e c t e d  t o  s c r e e n i n g  
on ly  (Group VII )  shou ld  b e  p laced  on l i f e  tes t .  Th is  sample 
ach ieves  a  two-fold purpose :  (1)  End r e s u l t s  a r e  i n d i c a t i v e  of 
normal p a r t  changes t h a t  can b e  used t o  compare w i t h  t h e  en- 
v i ronmenta l ly  t e s t e d  p a r t s  and ( 2 )  t h e  sample p r o v i d e s  an eva lu -  
a t i o n  of t h e  s c r e e n i n g  t echn iques  and t h e  q u a l i t y  of p a r t  t h a t  
w i l l  r e s u l t  the re f rom,  F i n a l l y ,  a  s m a l l  sample of p a r t s  t h a t  
have been s u b j e c t e d  t o  t h e  f u l l  env i ronmenta l  t e s t i n g  and t o  
s c r e e n i n g  on ly  shou ld  b e  opened t o  (1) s t u d y  t h e  a c t u a l  conf ig -  
u r a t i o n  and as a reference f o r  comparison of p r o d u c t i o n  p a r t s  t o  
Q U A L I R  COHFO 
OH EACH LOT 
QU&LF$GATEON 
EVERY 3 MOhTHS 100% SCREENING 
TEMP CYCLING 
MOIST RESIST 
GROUP A 
I1 MECH. SHOCK 
VARIABLE VIB. 
ACCELERATION 
GROUP B 
VI  STEADY-STATE 
REVERSE BIAS 
Select quality conformance samples each lot. 
Select qualification smples initial lot and each 3 months, 
Fig. 4 ZraditionaZ Qun..ification (i!KL-M-38510) 
detect .  ? ; u p l ~ l i e i  ~hd i i ge s  aiid (2) t o  detect .  i n t e r n a l  p h y s i c a l  
changes t h a t  may have occur red  d u r i n g  t h e  environmental  t e s t i n g  
t h a t  i s  n o t  p r e s e n t  on t h e  sc reened  only  p a r t  sample.  
2. Acce le ra ted  Tes t i n &  
A review of t h e  f a i l u r e  mechanisms i n d i c a t e s  t h a t  t h e r e  a r e  sev-  
e r a l  groups when d e f i n e d  by t h e  b a s i c  mechanism and tests and en- 
v i ronments  t h a t  w i l l  h a s t e n  t h e  mechanism t o  f a i l u r e  o r  t o  a de- 
t e c t a b l e  c o n d i t i o n .  The groups a r e  a s  shown i n  Tab le  7 .  When 
t h e  env i ronmenta l  f a c t o r s  of t h e  t a b l e  a r e  i n c r e a s e d  beyond normal 
use  c o n d i t i o n s ,  b u t  k e p t  below s t r e s s  l e v e l s  t h a t  i n t r o d u c e  new 
f a i l u r e  mechanisms, t h e  cor responding  mechanisms of Table  7 de- 
g rade  a t  a much more r a p i d  r a t e .  The maximum tempera tu re  t h a t  
t h e  p a r t s  can b e  s u b j e c t e d  t o ,  w i t h o u t  i n t r o d u c i n g  a d d i t i o n a l  
f a i l u r e  mechanisms, depends on t h e  s p e c i f i c  p r o c e s s e s  used i n  
t h e  manufacture  of t h e  p a r t .  T y p i c a l  t empera tu res  range from 
200 t o  350°C.  
Tab Ze 7 Fai Zure Me.chawisms us Environmental Tes ts  
1. Time and tempera- I Contac t  r e s i s t a n c e  a t  I With power a p p l i e d ,  a pa th  I 
t u r e  w i t h o u t  power m e t a l - s i l i c o n  i n t e r f a c e  t ends  t o  remain open 
a p p l i e d  
2. Time, t empera tu re ,  I n v e r s i o n ,  channe l ing ,  P roper  b i a s  c o l l e c t s  i o n i c  
and power m i g r a t i o n ,  c o r r o s i o n  con tamina t ion ;  c u r r e n t  
d e n s i t y  a f f e c t s  m i g r a t i o n  
3.  Mechanical  s t r e s s  S e a l  b reakage ,  bad bonds,  Mechanical  stress tends  t o  
improper i n t e r n a l  l e a d  move o r  s e p a r a t e  m a t e r i a l s  
l e n g t h  
4. Thermal e x c u r s i o n s  Die c r a c k s ,  t h e r m a l  
fol lowed by mechan- mismatch 
i c a l  stress 
Thermal expans ion /con t rac -  
t i o n  p ropaga te  t h e  c r a c k s  ; 
mechanical  stress sepa-  
rates 
5. Overvol tage P i n h o l e s ,  improper Vol tage s t r e s s  causes  
d i f f u s i o n s  breakdown 
I n  a l i k e  manner, thermal shock and mechanical s t r e s s  could be  
performed a t  acce l e ra t ed  l e v e l s ,  although very l i t t l e  e f f o r t  has  
been devoted t o  any o the r  than  e l e c t r i c a l  temperature s t r e s s i n g .  
Screening 
Screening c o n s i s t s  of t h e  l o t  s t r e s s i n g ,  measurements and accept- 
a n c e l r e j e c t i o n  c r i t e r i a  normally imposed on a s u p p l i e r .  Screening 
tests a r e  designed t o  d e t e c t  and r e j e c t  i n c i p i e n t  p a r t  f a i l u r e s  
before  de l ive ry .  The tests usua l ly  c o n s i s t  of a combination of 
environmental,  mechanical, and e l e c t r i c a l  s t r e s s  t h a t  w i l l  ac- 
c e l e r a t e  s p e c i f i c  f a i l u r e  mechanisms i n  t h e  i n f e r i o r  p a r t ,  with- 
o u t  degrading a good p a r t  o r  i n i t i a t i n g  a new f a i l u r e  mechanism. 
A t y p i c a l  h igh  r e l i a b i l i t y  p a r t s  sc reening  program a s  shown i n  
Fig.  5 is  t h a t  def ined  i n  MIL-M-38510 (MIL-STD-883 method 5004) 
f o r  c l a s s  A p a r t s .  
Recent usage h i s t o r y  has shown t h a t  performance of t h e s e  tests, 
o r  t h e  equ iva l en t ,  does no t  provide p a r t s  s a t i s f a c t o r y  f o r  long 
l i f e  assurance.  " The major po r t ion  of escapes con ta in  f a i l u r e s  
due t o  (1) p a r t i c u l a t e  contamination, (2) me ta l i za t ion  f a u l t s ,  
and (3) s u r f a c e  contamination ( inve r s ion ) .  
Because a s a t i s f a c t o r y  sc reen  must d e t e c t  t h e  type  of f a u l t s  
noted,  i t  is recommended t h a t  t h e  c l a s s i c a l  sc reening  t e s t s  of 
F ig .  5 b e  rev ised  as  shown i n  Fig. 6.  The r e v i s i o n  i s  based 
on t h e  f a c t  t h a t  f a u l t s  (1) and (2) i n  t h e  preceding paragraph 
occur i n  t h e  manufacturing sequence of wafer metal  depos i t ion  
o r  l a t e r .  I f  a l o t  i s  defined as a l l  p a r t s  from wafers i n  a 
common me ta l i za t ion  run, and t h a t  commonality i s  maintained 
through a l l  fol lowing processes ,  a sample t e s t  w i l l  b e  ind ica-  
t i v e  of t h e  q u a l i t y  of t h e  l o t  me ta l i za t ion .  Therefore,  a l o t  
sample test wi th  a scanning e l e c t r o n  microscope (SEM) f o r  t h i n  
me t a l i z a t i o n  o r  "water fa l l "  e f f e c t s  and a Profilome ter test o r  
o the r  equ iva l en t  method f o r  m e t a l  th ickness  measurement w i l l  
minimize t h e  f a u l t s  f o r  t h e  e n t i r e  l o t .  
I n  a l i k e  manner, a n a l y s i s  of test po in t s  on a wafer  i s  indica-  
t i v e  of s u r f a c e  contamination r e s idue  on t h e  whole wafer because 
a l l  p a r t s  on t h e  wafer have been subjec ted  t o  i d e n t i c a l  process- 
i n g  and c leaning  up t o  t h a t  s t a g e  of manufacturing. The radio-  
a c t i v e  t r a c e r  wash i s  t h e  technique recommended t o  d e t e c t  t h e  
amount of contaminate.  
I n t e r i m  E l e c t r i c a l  T e s t i n  
I 7'2 h o u r s ,  1 5 0 ' ~  ambient I 
F i n a l  E l e c t r i c a l  Measureme 
Radiographic  I n s p e c t i o n  I 
F<y 5 Classi.oaZ Sc~~eening  Sequence 
SMP-U" TESTS 
W @ER CONTROL* 
Metallization 
Con taminat ion 
* ?Metal:: c lepss i t i sn  > 10,000 W ,  
Temp 2 360"~-  
: des ign  C u r r e ~ ~ t  Density 5 5 5 10 4 
amp s / cnn2 
: GLassivation under & over metal 
: Gold Monometallic System 
: 100% in process wire bond pull 
Lot all from one metalization run. 
F i g ,  6 Reeormend~d Screening l'es 6s 
P r e s e n ~ L y  titler-e arc .  irci el i I c ' i  eni ; I I I ~  proven t e s t s  t o  d e t e c t  par-  
t i c u l a t e  con tamina t ion ,  because  t h e  p a r t i c l e  s i z e  i s  normal ly  
s m a l l e r  than  t h e  reso luLion  of X-ray equipment.  Another d e t e c -  
t i o n  method urider i n v e s t i g a t i o n  i s  a  monitored v i b r a t i o n / s h o c k  
s c r e e n  used on t h e  Minuteman programa7 Note t h a t  t h e  g e n e r a l  
s o l u t i o n  t o  p a r t i c u l a t e  c o n t a n ~ i n a t i o n  h a s  been e f f o r t  expended i n  
detect ion t echn iques  r a t h e r  t h a n  p r e v e n t i v e  methods.  I n  t h e  
recommended s c r e e n i n g  h e r e i n ,  t h e  e f f e c t s  a r e  minimized by g l a s s i -  
v a t i o n  over  t h e  m e t a l i z a t i  on ,  
Because t h e  recommended t e s t s  i n c l u d e  X-ray i n s p e c t i o n  of d i e  
bond a r e a  and 100% w i r e  bond p u l l ,  t h e  s t a n d a r d  mechanical  shock 
and a c c e l e r a t i o n  a r e  no l o n g e r  r e q u i r e d .  The w i r e  bond p u l l  
test  1s n o t  d e s t r u c t i v e .  A su rvey  conducted concern ing  t h e  de-  
s t r u c t i v e n e s s  of  t h e  p u l l  t e s t  had two g e n e r a l  r esponses .  Those 
who employed t h e  t e s t  ( A u t o n e t i c s ,  F a i r c h i l d  and Sandia)  found 
t h e  p u l l  t e s t  n o n - d e s t r u c t i v e ,  Those who d i d  n o t  u s e  p u l l  t e s t s  
d i d  n o t  because  t h e y  Eeared damage, b u t  had n o t  performed t e s t s .  
The f o l l o w i n g  paragraphs  summarize t h e  MIL-M-38510 t e s t s  shown i n  
F i g .  5 .  
a. Internal Visual Inspection - T h i s  t e s t  c o n s i s t s  of v i s u a l  
i n s p e c t i o n  a t  30 X and 100 X t o  check t h e  i n t e r n a l  m a t e r i a l s ,  
des ign ,  c o n s t r u c t i o n ,  and workmanship of p a r t s  b e f o r e  capp ing  o r  
s e a l i n g .  I f  p r o p e r l y  performed,  t h i s  i n s p e c t i o n  w i l l  r e j e c t  such  
f laws a s  s u r f  a c e  m e t a l i z a t i o n  s c r a t c h e s ,  poor bonds ,  m i s a l i g n e d  
c o n t a c t s ,  o v e r  e t c h i n g ,  under e t c h i n g ,  g r o s s  o x i d e  f a u l t s ,  g r o s s  
d i f f u s i o n  f a u l t s ,  c o r r o s i o n ,  sagg ing  o r  miss ing  i n t e r c o n n e c t  
w i r e s ,  p a r t i c l e s ,  i n s u f f i c i e n t  d i e  mounting o r  improper o r i e n t a -  
t i o n ,  and d i e  c r a c k s  t h a t  may p r o p a g a t e  i n t o  a c t i v e  a r e a s .  
b.  S tab i l i za t i on  Bake - T h i s  t e s t  c o n s i s t s  of s t o r a g e  a t  h i g h  
t empera tu re  t o  ( I )  a i d  i n  s t a b i l i z i n g  c h a r a c t e r i s t i c s  of t h e  de- 
v i c e ,  ( 2 )  a c c e l e r a t e  t h e  i n c r e a s e  of any c o n t a c t  r e s i s t a n c e ,  (3)  
de te rmine  t h e  e f f e c t s  of s t o r a g e  a t  e l e v a t e d  t e m p e r a t u r e s ,  and 
(4)  a c c e l e r a t e  any c o r r o s i v e  a c t i o n s  o c c u r r i n g  w i t h i n  t h e  s e a l e d  
package,  I f  performed b e f o r e  s e a l i n g ,  t h i s  s t r e s s  a i d s  i n  re -  
moving con tamina t ion  such as e x c e s s  m o i s t u r e  . 
c. Thermal Shock - T h i s  t e s t  c o n s i s t s  of r a p i d  a l t e r n a t i n g  ex- 
posure  t o  ve ry  high- and low-temperature  s t e s s e s ,  a s  a  t e s t  f o r  
compat ible  the rmal  c o e f f i c i e n t  ok expansion a t  a l l  i n t e r f a c e s .  
The tes t  L i m i t s  a r e  s e j e c t e d  t o  degrade and d e t e c t  s e r i o u s  mis- 
matches i n  s e a l  areas between l e a d s ,  g l a s s ,  and ceramic o r  m e t a l ;  
d e l a m i n a t i o n  o t  m u l t i l a y e r  m d c e r i a l ;  breakage i n  conductor  p a t h s ;  
p ropaga te  trdclcs i n  d i c e ;  and a i d  i n  the d e g r a d a t i o n  of improper 
bonds ,  A cllCkercncc ~n c o e f f i c i e n t  of exparlsion of -- > 4 x 
i r k ,  /112. "C  wr Ll cdtLse l i rc>dl~dge g l a s s  t o  illeta1 i n t e r f a c e s ,  
d .  !I'emnpera-tui.e Cycling - T h i s  t e s t  c o n s i s r s  or' a l t e r n a t e  exposure  
t o  v e r y  high-  and low-temperature s t r e s s e s  b u t  a t  a  much s lower  
r a t e  than the rmal  shock (>LO min a t  t empera tu re  extremes vs 5 min; 
5  min s t a b i l i z a t i o n  a t  25T~ vs 10 seconds t r a n s f e r  t ime t o  o p p o s i t e  
t empera tu re  extreme) . 
Note: Due t o  t h e  ve ry  s m a l l  mass and s i z e  of an i n t e g r a t e d  
c i r c u i t ,  t h i s  t e s t  i s  n o t  c o s t  e f f e c t i v e ,  and cannot  
b e  recommended. It appears  t o  app ly  less s t r e s s  t h a n  
the rmal  shock.  
e .  MechanicaZ Shock - This  t e s t  c o n s i s t s  of ve ry  s h o r t  pu l sed  
a c c e l e r a t i o n  (shock) such a s  may occur  i n  rough h a n d l i n g  o r  t r a n s -  
p o r t a t i o n ,  The t e s t s  are i n t e n d e d  t o  check mechanical  soundness 
of t h e  p a r t ,  such as t h e  d i e  header  bond, w i r e  bonds and p o s s i -  
b i l i t y  of i n t e r n a l  w i r e  deformat ion r e s u l t i n g  i n  s h o r t  c i r c u i t .  
T y p i c a l  stress l e v e l s  a r e  1500 g  0  .S m s  f o r  drop t e s t s  and 25,000 
g ,  0 . 2  m s  f o r  pneupactor  t e s t s .  
f. Constant AcceZeration - This  t e s t  imposes a  much l o n g e r  high-g 
f o r c e  t o  t h e  mechanical. s t r u c t u r e  t h a n  shock,  b u t  i n  a  c e n t r i f u g a l  
d i r e c t i o n  r a t h e r  t h a n  a  s t r a i g h L  l i n e  f o r c e ,  S i m i l a r l y  t h i s  t e s t  
i s  in tended  t o  check mechanical  soundness o f  t h e  p a r t .  T y p i c a l  
tests a r e  performed a t  30,000 g kor 1 min, a l though  s t e p  s t r e s s  
t e s t i n g 3  h a s  shown t h a t  p r o p e r l y  bonded d i c e  and wirebonds w i l l  
n o t  s e p a r a t e  a t  150,000 g o r  1-ess, 
g. Seal Leak - Hermetic s e a l  t e s t s  c o n s i s t  of a  f i n e  l e a k  
t o  A t m  c c / s )  measurement a f t e r  s u b j e c t i n g  t h e  p a r t  t o  p res -  
s u r i z e d  hel ium o r  r a d i o a c t i v e  Krypton 85 t r a c e r  gas .  The second 
tes t ,  f o r  g r o s s  l e a k s  ( 1 0 ~ ~  t o  Atm c c / s )  c o n s i s t s  of sub- 
merging t h e  p a r t  i n  a p r e s s u r i z e d  Fluorocarbon t o  a l low t h e  l i q u i d  
t o  e n t e r  t h e  package i1 i t  can,  t h e n  submersion i n  a  much h i g h e r  
t empera tu re  F luoroca~ ,bon  t o  observe  f o r  bubbles  from t h e  lower 
t empera tu re  l i q u i d ,  
h ,  Interim EZeclricaZ Measuremenls . C r-ii:ical_ pa ramete rs  t h a t  
must b e  s p e c i f i e d  in t h e  d e t a i l  s p e c i f i c a t i o n  a r e  then  t e s t e d .  
The t e s t s  a r e  des igned t o  remove d e f e c t i v e  p a r t s  a t  t h a t  t ime 
and t o  p r o v i d e  a b a s e l i n e  i n  t h e  e v e n t  t h a t  maximum d r i f t  l i m i t s  
a r e  imposed. 
i, Burn-in - This  t e s t  c o n s i s t s  of opera t j n g  t h e  p a r c  a t  t h e  
maximum r a t e d  t empera tu re  of 125°C t o r  240 h r ,  S p e c i f i c  b i a s -  
i n g  c o n d i t i o n s  must be  s p e c i f i e d  i n  the d e t a i l  s p e c i f i c a t i o n ,  
The t e s t  c o n d i t i o n s  and t ime  are s e l e c t e d  t o  impose maximum s t r e s s e s  
on j u n c t i o n s  t o  a c c e l e r a t e  t h e  d i f f u s i o n ,  m e t a l i z a t i o n ,  and bond- 
i n g  f a u l t s  t h a t  may have escaped t h e  precap v i s u a l  i n s p e c t i o n .  
j .  In ter im Elec t r ica l  Measurements - The same c r i t i c a l  e l e c t r i c a l  
pa ramete rs  t e s t e d  b e f o r e  burn- in  are rechecked t o  de te rmine  i f  
t h e r e  a r e  d e f e c t i v e  p a r t s  i n  t h e  l o t .  
k .  Reverse Bias - T h i s  test  i s  on ly  imposed when s p e c i f i e d  i n  
t h e  d e t a i l  s p e c i f i c a t i o n  and c o n s i s t s  of r e v e r s e  b i a s i n g  t h e  p a r t  
f o r  72 h r  i n  a n  ambient of 150°c .  The t e s t  i s  des igned  t o  d e t e c t  
s u r f a c e  con tamina t ion  on MOS o r  l i n e a r  c i r c u i t s  t h a t  a r e  s e n s i t i v e  
t o  s u r f a c e  l e a k a g e s .  
2. Final Electr ical  Measurements - This  test  c o n s i s t s  of t e s t i n g  
t h e  f u l l  e l e c t r i c a l  pa ramete rs  a t  h i g h ,  low, and room tempera tu res  
a s  d e f i n e d  i n  t h e  d e t a i l  s p e c i f i c a t i o n  t o  e n s u r e  t h a t  p a r t s  are 
w i t h i n  a l l o w a b l e  l i m i t s .  
m. Radiographic - X-ray i n s p e c t i o n  i s  performed a t  t h i s  t i m e  t o  
d e t e c t  anomalies over looked i n  p recap  v i s u a l ,  f a u l t s  t h a t  o c c u r r e d  
i n  t e s t i n g  and p r o c e s s i n g ,  such as s e a l i n g  weld s p l a t t e r ,  ex- 
t r a n e o u s  l e a d  m a t e r i a l ,  i n s u f f i c i e n t  d i e  bonding (vo ids  under t h e  
d i e )  o r  deformat ion of l e a d s  d u r i n g  mechanical  t e s t i n g .  The i n -  
s p e c t i o n  must b e  performed w i t h  s p e c i f i c  a c c e p t l r e j e c t  c r i t e r i a ,  
t o  b e  meaningful .  
n. External Visual - A  f i n a l  v i s u a l  i n s p e c t i o n  i s  performed t o  
d e t e c t  damage caused by h a n d l i n g  and t e s t i n g ,  g r o s s  s e a l  f a i l u r e s ,  
and improper marking.  
Burn-In 
Burn-in on h i g h  r e l i a b i l i t y  p a r t s  h a s  n o t  been  s t a n d a r d i z e d .  
V a r i a t i o n s  range from NIMBUS I and I1 w i t h  up t o  168 h r  b ~ r n - i n ~ ~  
t o  INTELSAT 111 w i t h  1000 h r  p r e c o n d i t i o n i n g  and f i v e - p o i n t  d a t a  
comparison f o r  s t a b i l i t y  .29 A t y p i c a l  example i s  t h e  1 0  TIROS 
and 5 ESSA s a t e l l i t e s  by RCA-AED. Burn-in was a t  80% r a t e d  
power f o r  300 h r  i n  an  ambient of 100°C.30 Mil-M-38510 (MIL-STD- 
8 8 3 ) ,  t h e  f i r s t  a t t e m p t  t o  s t a n d a r d i z e  burn- in  c o n d i t i o n s ,  recom- 
mends o p e r a t i o n  a t  r a t e d  power f o r  240 h r  i n  an ambient of 125"C, 
p l u s  an a d d i t i o n a l  7 2  h r  of back-biased burn- in  a t  150°C, f o r  
p a r t s  t h a t  a r e  s u r f a c e  s e n s i t i v e .  p h i l c o j l  concludes  t h a t  168 
h r  was i n s u f f i c i e n t  i n  t e s t s  performed under t h e  r e f e r e n c e d  NASA 
c o n t r a c t  and recommends t h a t  a d d i t i o n  e v a l u a t i o n s  b e  performed 
a t  340 h r  burn- in  ( a t  r a t e d  power and 125°C).  
It appears  t h a t  c o n s i d e r a b l y  more e v a l u a t i o n  and e v i d e n c e  of non- 
damage i s  r e q u i r e d  b e f o r e  e l e v a t e d  t empera tu res  can  b e  recommended 
a s  a 100% s c r e e n .  Fur thermore,  t h e  maximum t e m p e r a t u r e s  may depend 
on t h e  c o n f i g u r a t i o n  and p r o c e s s e s  of each i n d i v i d u a l  c i r c u i t  t y p e .  
An e v a l u a t i o n  a i d e  i n  burn- in  and s c r e e n i n g  t h a t  i s  g a i n i n g  wide 
accep tance  th roughout  i n d u s t r y ,  p a r t i c u l a r l y  f o r  L S I  , b u t  j u s t  as 
a p p l i c a b l e  t o  S S I  and MSI, i s  t h e  u s e  of customized t e s t  e lements  
a t  c r i t i c a l  l o c a t i o n s  on each w a f e r .  T h i s  method h a s  g r e a t  po- 
t e n t i a l  f o r  e v a l u a t i o n  of t h e  c o n t r o l  i n  manufac tu r ing  p r o c e s s i n g  
such  a s  d i f f u s i o n  l e v e l s ,  m e t a l i z a t i o n  t h i c k n e s s  and g r a i n  s i z e ,  
o x i d e  c h a r a c t e r i s  t i c s ,  mask a l ignments ,  s u r f a c e  c l e a n l i n e s s ,  and 
c o n t a c t  r e s i s t a n c e s .  F a r  g r e a t e r  burn- in  s t r e s s  can b e  a p p l i e d  
t o  t h e  i n d i v i d u a l  e lements  i n  t h e  test  c h i p s  t h a n  on t h e  i n t e r n a l  
e lements  i n  a c i r c u i t .  T h i s  p r o v i d e s  a t r u e  a c c e l e r a t e d  eva lua-  
t i o n  of t h e  p r o c e s s i n g .  
I?. PROCESS CONTROL REQUIREMENTS 
A l l  p r o c e s s e s  and materials i n  t h e  manufacture  of i n t e g r a t e d  c i r -  
c u i t s  can b e  cons idered  c r i t i c a l .  Improper c o n t r o l  of any of t h e  
i t ems  d e f i n e d  i n  T a b l e  8 cou ld  have d e t r i m e n t a l  e f f e c t s  on t h e  
l i f e  of t h e  p a r t .  T h i s  t a b l e  does n o t  i n c l u d e  such c r i t i c a l  proc- 
e s s e s  and m a t e r i a l s  a s  p u r i t y  of i n i t i a l  s i l i c o n  p e l l e t s  used i n  
i n g o t  m e l t ,  p u r i t y  of dopant  m a t e r i a l  added t o  t h e  m e l t ,  s e e d  
c r y s t a l  a l ignment  and p u l l  rate from t h e  m e l t ,  i n g o t  tr imming, 
and w a f e r  s l i c i n g ,  l a p p i n g ,  p o l i s h i n g ,  e t c h i n g  and o x i d a t i o n ,  
because  t h e  i n i t i a l  s t a r t i n g  material a t  a s u p p l i e r  may b e  t h e  
purchased w a f e r s .  
Additional Process Contro 2s Required - Although s e l e c t e d  p r o c e s s e s  
w i l l  b e  r e q u i r e d ,  i . e . ,  Molygold-gold m e t a l i z a t i o n  sys tems ,  and 
p h o s p h o s i l i c a t e  and s i l i c o n  n i t r i d e  g l a s s i v a t i o n ,  no a d d i t i o n a l  
c o n t r o l s  are r e q u i r e d  beyond t h o s e  normal ly  e n f o r c e d  by t h e  sup- 
p l i e r .  Also,  p r o c e s s  l i m i t a t i o n s  w i l l  b e  r e q u i r e d ,  such a s  h e a t e d  
s u b s t r a t e  d u r i n g  m e t a l  d e p o s i t i o n ,  m e t a l i z a t i o n  t h i c k n e s s .  These 
i t e m s  are cons idered  more i n  p r o c e s s  s e l e c t i o n  and l i m i t a t i o n s  a s  
compared t o  t h e  a c t u a l  c o n t r o l s  t h e  s u p p l i e r  uses  i n  p r o v i d i n g  a 
s a t i s f a c t o r y  p roduc t .  
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G .  W C O W N D E D  PARTS L I S T  
The fol lowing l i s t  of i n t e g r a t e d  c i r c u i t s  has  been thoroughly i n -  
ves  t i g a t e d  by t h e  r e spons ib l e  p a r t s  s p e c i a l i s t s  a t  Mart in  Mari- 
e t t a  Aerospace and i s  recommended f o r  h igh  r e l i a b i l i t y  appl ica-  
t i o n s .  The gener ic  p a r t s  must b e  procured t o  a  s p e c i f i c a t i o n  
c o n t r o l  drawing t h a t  invokes t h e  r equ i r ed  con t ro l s  noted i n  t h i s  
r e p o r t .  
The s p e c i f i e d  p a r t s  have s u f f i c i e n t  test  d a t a  i n  ex i s t ence  t o  
ensu re  t h a t  t h e r e  a r e  no b a s i c  f a u l t s  i n  t h e  p a r t  design.  Fur ther -  
more, most p a r t s  on t h e  l i s t  w i l l  b e  sub jec t ed  t o  formal q u a l i f i -  
c a t i o n  t e s t i n g  f o r  t h e  Viking Lander space  program by Mart in  
Mar i e t t a  i n  t h e  near  f u t u r e .  The remainder of t h e  p a r t s  w i l l  b e  
q u a l i f i e d  by e x i s t i n g  d a t a  o r  by a c t u a l  test f o r  s p a c e c r a f t  use 
by Mart in  Mar i e t t a  on o t h e r  programs. 
With t h e  b a s i c  p a r t  des ign  w e l l  e s t a b l i s h e d ,  t h e  impos i t ion  of re- 
quirements such a s  monometallic i n t e r connec t  systems, g l a s s iva -  
t i o n ,  e t c ,  w i l l  ensure t h e  f i n a l  product w i l l  s a t i s f y  l o n g - l i f e  
assurance  requirements.  
Unacceptabk? Parts - Presen t ly ,  t h e  only p a r t  types t h a t  can b e  
considered unacceptable  a r e  t h o s e  t h a t  a r e  p l a s  t i c  encapsula ted .  
Due t o  r e c e n t  de s ign / app l i ca t i on  problems, t h e  709 o p e r a t i o n a l  
a m p l i f i e r  i s  no t  a  recommended type .  
N N N N  
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A. INTRODUCTION 
This  c h a p t e r  d e s c r i b e s  f a i l u r e  mechanisms, t e s t  methodology, manu- 
f a c t u r i n g  p r o c e s s e s  and r e l a t e d  c o n t r o l  requirements  t h a t  a f f e c t  
t h e  l o n g - l i f e  r e l i a b i l i t y  of t h i c k  and t h i n  f i l m  h y b r i d  i n t e g r a t e d  
c i r c u i t s .  The f u l l  t empera tu re  range ,  h e r m e t i c a l l y  s e a l e d  t y p e  of 
p a r t  is  addressed .  The " p l a s t i c "  encapsu la ted  t y p e  p a r t  i s  s p e c i f i -  
c a l l y  o m i t t e d  due t o  t h e  l a c k  of s u f f i c i e n t  r e l i a b i l i t y  d a t a  and 
t h e  " p r o p r i e t a r y "  c l a s s i f i c a t i o n  of many m a t e r i a l s  used by sup- 
p l i e r s .  Fur thermore,  RF and o t h e r  unique a r e a s  of u s e  a r e  avoided 
s i n c e  t h e  p a r t s ,  m a t e r i a l s  and p r o c e s s e s  i n  t h e  manufacture  of t h o s e  
, h y b r i d s  may n o t  b e  common t o  t h e  t y p i c a l  l i n e a r  o r  d i g i t a l  p a r t s .  
F igure  1 i l l u s t r a t e s  t h e  m a t e r i a l s  and g e n e r a l  a r e a s  covered.  
The i n f o r m a t i o n  h e r e i n  summarizes t h e  p e r t i n e n t  r e s u l t s  of a  r e -  
view of a v a i l a b l e  l i t e r a t u r e ,  d i s c u s s i o n s  w i t h  manufac tu re r s  and 
u s e r s  of h y b r i d  i n t e g r a t e d  c i r c u i t s  and knowledge gained w i t h i n  
Mart in  M a r i e t t a  Aerospace a s  a  manufac tu re r ,  t e s t  and f a i l u r e  
a n a l y s i s  l a b o r a t o r y ,  c i r c u i t  d e s i g n  u s e r ,  and from m a t e r i a l s  and 
p a r t s  s p e c i a l i s t s .  
A l i s t i n g  of f a i l u r e  mechanisms, b a s i c  c a u s e s ,  d e t e c t i o n  methods 
and methods t o  minimize t h e  mechanisms, i s  p r e s e n t e d .  An a t t e m p t  
h a s  been made t o  c a t e g o r i z e  t h e  mechanism t o  t h i c k  o r  t h i n  f i l m ,  
o r  common t o  b o t h .  S ince  p r o c e s s e s  a r e  s o  i n t e r c h a n g e a b l e  w i t h i n  
t h e  hybr id  c i r c u i t  concep t ,  a  p o r t i o n  of t h o s e  l i s t e d  f o r  one t y p e  
of c i r c u i t r y  may b e  j u s t  a s  a p p l i c a b l e  t o  t h e  o t h e r .  
S e l e c t i o n  c r i t e r i a  a r e  d e f i n e d  i n  d e t a i l  f o r  b o t h  t h i c k  and t h i n  
f i l m  networks.  The c r i t e r i a  l i s t e d  a r e  t h o s e  t h a t  can s p e c i f i c a l l y  
j eopard ize  t h e  l o n g - l i f e  a s s u r a n c e  requ i rements .  
Tes t  methodology, i n c l u d i n g  s c r e e n i n g ,  burn- in ,  a c c e l e r a t e d  t e s t i n g  
and q u a l i f i c a t i o n ,  i s  d i s c u s s e d .  The recommended t e s t  t echn iques  
a r e  i d e n t i f i e d ,  a long  w i t h  j u s t i f i c a t i o n .  

Only t h e  g e n e r a l  ca tegory  of c r i t i c a l  p r o c e s s e s  a r e  i d e n t i f i e d  
such  a s  masking o r  c l e a n i n g ,  a s  opposed t o  d e t a i l e d  p r o c e s s  s t e p s  
such  as TCE wash, Freon o r  a l c o h o l  r i n s e ,  o r  d r y .  A  complete  
l i s t  of p r o c e s s e s  and s t e p s  would become t o o  complex when a l l  
v a r i a t i o n s  a r e  cons idered .  The impact on r e l i a b i l i t y  of inade-  
q u a t e  c o n t r o l  of each g e n e r a l  p r o c e s s  has  a l s o  been i n c o r p o r a t e d .  
F i n a l l y ,  t h o s e  p o r t i o n s  of o t h e r  r e p o r t s  i n  t h i s  s t u d y  t h a t  a r e  
d i r e c t l y  a p p l i c a b l e  t o  h y b r i d  c i r c u i t s  a r e  merely r e f e r e n c e d  
h e r e i n ,  r a t h e r  t h a n  a  r e w r i t e  and i n c l u s i o n .  
GUIDELINES FOR LONG-LIFE ASSURANCE 
The l i f e  expectancy of p r o p e r l y  des igned  and f a b r i c a t e d  h y b r i d  
i n t e g r a t e d  c i r c u i t s  i s  g r e a t l y  i n  excess  of 1 0  y e a r s .  F a i l u r e s  
a r e  caused p r i m a r i l y  by d e f e c t s  i n t r o d u c e d  d u r i n g  f a b r i c a t i o n  a s  
a  r e s u l t  of  i n s u f f i c i e n t  p r o c e s s  c o n t r o l s .  An a d d i t i o n a l  c a u s e  
of f a i l u r e  is  due t o  use  o f  incompat ib le  m a t e r i a l s .  Wear-out i s  
o n l y  a  minor problem which i s  a l l e v i a t e d  by p roper  d e r a t i n g  w i t h i n  
t h e  c i r c u i t  des ign  and i n  t h e  a p p l i c a t i o n .  The g u i d e l i n e s  iden-  
t i f i e d  h e r e i n  w i l l  e n a b l e  use  of h y b r i d s  w i t h  minimum l i k e l i h o o d  
of f a i l u r e  and maximum s e r v i c e  l i f e .  
Design Guide l ines  
1 )  U s e  Bismuth-Ruthenium Oxide, Thal l ium,  o r  I r i d i u m  a s  t h i c k  
f i l m  r e s i s t o r  m a t e r i a l s  f o r  g r e a t e s t  s t a b i l i t y .  Pa l l ad ium 
and s i l v e r  shou ld  b e  p r o h i b i t e d  because  of i n s t a b i l i t y  i n  
reduc ing  atmosphere (pa l l ad ium)  and m i g r a t i o n  ( s i l v e r ) .  
2) Palladium-gold o r  platinum-gold i s  p r e f e r r e d  f o r  t h i c k  f i l m  
conduc tors .  S i l v e r  shou ld  b e  p r o h i b i t e d  t o  avoid  m i g r a t i o n  
a t  c o n d u c t o r - r e s i s t o r  i n t e r f a c e s .  
3) S u b s t r a t e  t h i c k n e s s  shou ld  b e  no l e s s  t h a n  20 m i l s  t o  avo id  
b reakage  problems. 
4 )  Gold-s i l i con  e u t e c t i c  bonding of semiconductor  c h i p s  i s  man- 
d a t o r y  f o r  h i g h e s t  r e l i a b i l i t y .  Gold f i l l e d  s o l d e r  p a s t e  
shou ld  on ly  b e  used when e u t e c t i c  t empera tu res  cannot  b e  used ,  
Glass  f r i t  may f r a c t u r e  w i t h  the rmal  and mechanical  s t r e s s .  
Epoxies ,  s i l i c o n e s ,  and o t h e r  p l a s t i c  o r  r e s i n o u s  m a t e r i a l s  
have long  term d e g r a d a t i o n a l  e f f e c t s .  
5) F l i p - c h i p ,  L I D ' S ,  and beam l e a d  d e v i c e s  should n o t  be  used 
due t o  l i m i t e d  a v a i l a b i l i t y  of d e v i c e s .  The LID'S cannot  be  
thoroughly i n s p e c t e d  and few h y b r i d  f a b r i c a t o r s  can p r o c e s s  
f l i p  c h i p s  r e l i a b l y .  Although t h e  beam l e a d  i s  extremely 
promising,  t h e  a t t achment  p r o c e s s e s  a r e  i n s u f f i c i e n t l y  es-  
t a b l i s h e d  and p r a c t i c e d  throughout  i n d u s t r y  a t  t h i s  t ime.  
6)  Use t h e  m e t a l  l i d  and b a s e  type  package.  The ceramic package 
can r e s u l t  i n  p h o t o e l e c t r i c  c u r r e n t s  w i t h i n  a c t i v e  c i r c u i t s .  
7 )  P r o h i b i t  e l e c t r o p l a t i n g  of t h i c k  f i l m  m a t e r i a l s  t o  avo id  cor-  
r o s i o n  problems. 
8) Submit each c i r c u i t  t o  a  wors t  c a s e  a n a l y s i s .  To a s s u r e  long- 
l i f e  o p e r a t i o n ,  t h e  a n a l y s i s  shou ld  b e  based  on end o f  l i f e  
t o l e r a n c e s .  
9 )  Use go ld  o r  go ld  on nichrome f o r  t h i n  f i l m  conduc tors  because  
of documented l i f e  and s t a b i l i t y  c a p a b i l i t y .  
10)  Nichrome r e s i s t o r s  shou ld  be  coa ted  w i t h  s i l i c o n  d i o x i d e  t o  
a c t  a s  a m o i s t u r e  b a r r i e r .  
P rocess  C o n t r o l  Guide l ines  
The f o l l o w i n g  p r o c e s s e s  must b e  reviewed and a s s u r a n c e  o b t a i n e d  
t h a t  t h e y  a r e  a d e q u a t e ,  s t a b i l i z e d ,  and under  p r o p e r  c o n t r o l  by 
t h e  manufac tu re r s  t o  minimize d e f e c t s  and t o  p r o v i d e  h i g h  y i e l d ,  
s t a b i l i t y ,  and p r e c i s e  c h a r a c t e r i s t i c s .  
1 )  S u b s t r a t e  l a y o u t s  avo id ing  thermal  c o n c e n t r a t i o n s .  
2 )  P r e c i s e  mask p r e p a r a t i o n  t o  p rov ide  r e s i s t o r s  w i t h i n  accep t -  
a b l e  tr imming l i m i t s .  
3) Thin f i l m  d e p o s i t i o n  c o n t r o l  f o r  p roper  f i l m  adhes ion ,  w i t h i n -  
t o l e r a n c e  r e s i s t o r s ,  and good d r i f t  and TCR c h a r a c t e r i s t i c s .  
4 )  R e s i s t o r  trimming o p e r a t i o n  t o  m a i n t a i n  r e q u i r e d  t o l e r a n c e s .  
5) S u b s t r a t e  and c h i p  bonding p r o c e s s e s  f o r  mechnical  s t r e n g t h ,  
good the rmal  c o n d u c t i v i t y ,  and minimal p a r a m e t r i c  change 
w i t h  age .  
6)  Wire bonding f o r  mechanical  s t r e n g t h  and geomet r ies  avo id ing  
s h o r t s .  
1 )  Thick film d r y i n g  a n d  hakjrjg Frocesscs to aiyi~i i ou~g, s s i n g  
and p r o v i d e  f i l m  s t a b s l i t y .  
8) S e a l i n g  p r o c e s s  t o  p rov ide  h e r m e t i c i t y  and p reven t  c o r r o s i o n  
and d r i f t  from environments ,  
T e s t  G u i d e l i n e s  
1 )  I n d i v i d u a l  c h i p  f a m i l i e s  u t i l i z e d  such a s  r e s i s t o r s ,  capaci-  
t o r s ,  o r  semiconductors  shou ld  b e  q u a l i f i e d  t o  e n s u r e  b a s i c  
c a p a b i l i t i e s  o f  t h e  d e v i c e s  used.  
2 )  The s u p p l i e r  and t h e  h y b r i d  p r o c e s s e s  used shou ld  a l s o  be  
q u a l i f i e d  f o r  a s s u r a n c e  of b a s i c  c a p a b i l i t y .  The u s e  of a  
s t a n d a r d  " q u a l i f i c a t i o n  model" h y b r i d  f o r  t h i s  u s e  would min- 
imize  t h e  requ i rements  f o r  q u a l i f i c a t i o n  o f  i n d i v i d u a l  c i r c u i t  
d e s i g n s .  
3) The c o n v e n t i o n a l  s c r e e n  t e s t s  of MIL-STD-883, Method 5004 a r e  
adequa te  f o r  h y b r i d  i n t e g r a t e d  c i r c u i t s ,  
4 )  Screen ing  o f  i n d i v i d u a l  c h i p  d e v i c e s  i n c l u d i n g  burn- in ,  t h e r m a l  
shock ,  and h i g h  t empera tu re  s t o r a g e  shou ld  b e  performed t o  t h e  
maximum e x t e n t  p o s s i b l e .  Th i s  w i l l  a s s u r e  c h i p  d e v i c e s  w i t h  
a  minimum p r o b a b i l i t y  of d e f e c t s  and i n c r e a s e  y i e l d .  Semicon- 
d u c t o r  c h i p s  a r e  n o t  s u i t a b l e  f o r  burn- in  a t  t h e  p r e s e n t  t ime  
excep t  f o r  L I D  and beam l e a d e d  d e v i c e s .  
4 .  A p p l i c a t i o n  Guide l ines  
The a p p l i c a t i o n  g u i d e l i n e s  f o r  m o n o l i t h i c  i n t e g r a t e d  c i r c u i t s  
(Chapter  1 1 )  a l s o  app ly  t o  h y b r i d  i n t e g r a t e d  c i r c u i t s .  
S p e c i a l  C o n s i d e r a t i o n s  
1) S e l e c t  s u p p l i e r s  w i t h  a  s u c c e s s f u l  h i s t o r y  of f a b r i c a t i n g  s i m -  
i l a r  p a r t s .  Hybrids r e q u i r i n g  t e c h n i q u e s  and m a t e r i a l s  unique 
t o  h i s  normal p r a c t i c e  may be  r e l i a b i l i t y  r i s k s  because  of t h e  
l a c k  o f  e x p e r i e n c e .  
2 )  The s u p p l i e r ' s  use  of t h e  r e q u i r e d  p r o c e s s e s  should be con t in -  
uous t o  avo id  r e l i a b i l i t y  r i s k s  from s t a r t - u p  o p e r a t i o n s .  
LIFE LIMITING PROBLEMS AND SOLUTIONS 
F a i l u r e  Mechanism A n a l y s i s  
The f a i l u r e  mechanisms of  h y b r i d  i n t e g r a t e d  c i r c u i t s  i n c l u d e  a l l  
t h e  mechanisms a s s o c i a t e d  w i t h  t r a n s i s t o r ,  d i o d e ,  and m o n o l i t h i c  
i n t e g r a t e d  c i r c u i t  d i c e ,  d i e  bonding,  and w i r e  bonding.  The 
f a i l u r e  mechanism s e c t i o n s  of t h o s e  c h a p t e r s  a r e  t h e r e f o r e  r e -  
l a t e d  t o  t h i s  s e c t i o n ,  b u t  a r e  n o t  r e p e a t e d  h e r e i n .  F a i l u r e  
mechanisms a r e  grouped i n  t h e  f o l l o w i n g  o r d e r :  
1 )  S u b s t r a t e ;  
2 )  Sc reen ing  ( o r  d e p o s i t i o n ) ,  trimming and m a t e r i a l s  i n v o l v e d ;  
3) Chip e lements ,  a t t a c h m e n t ,  and i n t e r c o n n e c t i o n s ;  and 
4)  Packaging and misce l l aneous  i t ems .  
Thick f i l m  mechanisms which a r e  a p p l i c a b l e  t o  t h i n  f i l m  a r e  n o t  
r e p e a t e d  i n  t h e  t h i n  f i l m  l i s t i n g .  
The mechanisms unique t o  h y b r i d  c i r c u i t s  a r e  t h o s e  a s s o c i a t e d  
w i t h  t h e  s u b s t r a t e ;  t h i c k  o r  t h i n  f i l m  conduc tors ,  r e s i s t o r s ,  and 
c a p a c i t o r s ;  c h i p  c a p a c i t o r s  and r e s i s t o r s ;  and h e r m e t i c a l l y  s e a l -  
i n g  t h e  l a r g e  package.  S i n c e  t i n - l e a d  s o l d e r  i s  used i n  d i e  
a t t a c h  i n  many i n s t a n c e s  and i s  unique t o  h y b r i d s ,  t h e  f a i l u r e  
mechanisms of t h a t  a p p l i c a t i o n  a r e  inc luded .  
It shou ld  b e  s t r e s s e d  t h a t  many of t h e  f a i l u r e  mechanisms l i s t e d  
a r e  due t o  manufactur ing d e f e c t s  and w i l l  be  d e t e c t e d  by t h e  manu- 
f a c t u r e r  i n  normal p r o c e s s i n g  and s c r e e n i n g .  
a. Thick F i l m  Failure Mechanisms - Table  1 summarizes t h e  p r e -  
dominant f a i l u r e  mechanisms d i s c u s s e d  below, a  d e s c r i p t i o n  and 
cause  of t h e s e  mechanisms, methods of d e t e c t i n g  t h e  d e f e c t s ,  and 
methods t o  minimize o r  e l i m i n a t e  t h e  cause  of t h e s e  d e f e c t s .  
1)  Substrate - S u b s t r a t e  d e f e c t s  a r e  those  f a u l t s  o c c u r r i n g  i n  
t h e  b a s i c  ceramic  m a t e r i a l  on which t h e  t h i c k  f i l m  i s  a p p l i e d .  
Th is  i n c l u d e s  t h e  a t t achment  o f  che ceramic m a t e r i a l  wi thi -n  t h e  
package,  i m p u r i t i e s  w i t h i n  t h e  m a t e r i a l  and any s t r e s s e s  o r  
c r a c k s  of t h a t  m a t e r i a l  which can a f f e c t  t h e  l o n g - l i f e  o p e r a t i o n  
of t h e  c i r c u i t  f u n c t i o n ,  
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Separation of Substrate @om Base o f  Package1 - This  f a i l u r e ,  
normal ly  c a t a s t r o p h i c ,  u s u a l l y  o c c u r s  d u r i n g  a c c e l e r a t i o n  o r  
mechanical  shock s c r e e n i n g  t e s t .  The s e p a r a t i o n  i s  caused by 
i n s u f f i c i e n t  o r  incomple te  s u b s t r a t e  bonding o r  a  d e g r a d a t i o n  of 
t h e  bond due t o  h i g h  t empera tu re  exposure  d u r i n g  f i n a l  s e a l i n g .  
Cracked Substrate - Cracks can o c c u r  i n  t h e  s u b s t r a t e  due t o  h i g h  
the rmal  s t r e s s e s  imposed d u r i n g  l a s e r  trimming of  t h i c k  f i l m  r e -  
s i s t o r s 2 .  Ceramic c h i p s  can s e p a r a t e  when exposed t o  mechanical  
s t r e s s e s  and c a u s e  f u r t h e r  damage t o  t h e  c i r c u i t .  Precap v i s u a l  
i n s p e c t i o n  w i l l  d e t e c t  t h i s  f a i l u r e  mechanism. 
Substrate Breakage - Excess ive  b reakage  occur red  when u s i n g  96% 
alumina s u b s t r a t e s  w i t h  a  10 m i l  t h i c k n e s s .  Th i s  f a i l u r e  mechanism 
was e l i m i n a t e d  by i n c r e a s i n g  minimum t h i c k n e s s  t o  20 m i l s .  
Cracking o f  Substrate Due t o  Thermal shock3 - The thermal  shock 
o c c u r r i n g  i n  s o l d e r  d i p p i n g  t h e  s u b s t r a t e  can cause  f r a c t u r e  of 
t h e  ceramic  m a t e r i a l .  This  f a i l u r e  can be  d e t e c t e d  by v i s u a l  i n -  
s p e c t i o n  and e l e c t r i c a l  t e s t .  The mechanism can b e  minimized by 
p r e h e a t i n g  t h e  s u b s t r a t e  p r i o r  t o  s o l d e r  d ipp ing .  
2) Screening, Trimming and Materials 
0verspraying4 - Overspraying is  t h e  d e f l e c t i o n  o f  a b r a s i v e  tr imming 
m a t e r i a l  which can r e s u l t  i n  a b r a d i n g  a d j a c e n t  r e s i s t o r s  and c a u s e  
o u t - o f - s p e c i f i c a t i o n  r e s i s t o r  v a l u e s .  F i n a l  e l e c t r i c a l  p rob ing  
w i l l  d e t e c t  t h e s e  overtrimmed o r  damaged e lements .  P roper  laser 
tr imming w i l l  avoid  t h i s  f a i l u r e  mechanism. 
Electrostatic ~ u s c e p t i b i l i t y ~  - E l e c t r o s t a t i c  d i s c h a r g e  through 
r e s i s t o r s  w i l l  cause  a  change i n  t h e  r e s i s t a n c e .  A damaging e l e c -  
t r o s t a t i c  charge  can b e  b u i l t  up on t h e  a b r a s i v e  n o z z l e  when u s i n g  
a  d r y  n i t r o g e n  p r e s s u r e  gas  t o  d r i v e  t h e  a b r a s i v e  m a t e r i a l .  F i n a l  
e l e c t r i c a l  p rob ing  w i l l  d e t e c t  t h e  o u t - o f - t o l e r a n c e  r e s i s t o r s .  The 
problem can b e  avoided by changing t h e  gas t o  a i r  c o n t a i n i n g  600 
t o  700 ppm o f  m o i s t u r e ,  o r  by changing t o  laser tr imming. 
~ o r r o s i o n ~ , ~  5 7  - Thick f i l m  conduc tors  and r e s i s t o r s  can b e  de- 
graded by t h e  incomple te  removal o f  c o r r o s i v e  a g e n t s .  The r e s i d u a l  
c o r r o s i v e  m a t e r i a l  may be t r a c e d  t o  c l e a n i n g  a g e n t s ,  chemica l ly  
a c t i v e  p l a t i n g  s o l u t i o n s ,  s o l d e r  f l u x e s ,  p e r s p i r a t i o n  d u r i n g  
h a n d l i n g ,  o r  env i ronmenta l  con tamina t ion  such  a s  s u l p h u r  i n  t h e  
a i r ,  o r  o i l s ,  o r  l u b r i c a n t s  on equipment.  
................................................................ 
l ~ u p e r s c r i p t s  r e f e r  t o  r e f e r e n c e  numbers i n  S e c t i o n  F. 
Solder ~ e a c h i n ~ 3 , ~  - Leaching i s  t h e  phenomena whereby a  noble  meta l  
conductor  d i s s o l v e s  i n t o  t h e  s o l d e r  c o a t i n g .  T h i s  can make a  weak 
o r  b r i t t l e  bond o r ,  i n  extreme c o n d i t i o n s ,  make a t tachment  of l e a d s  
o r  e lements  i m p o s s i b l e .  Th i s  mechanism can b e  minimized by bonding 
a t  t h e  l o w e s t  t empera tu re  and s h o r t e s t  t i m e  above t h e  a l l o y  m e l t i n g  
t empera tu re ,  a t  which a s a t i s f a c t o r y  bond can b e  accomplished.  
Other  ways of minimizing t h e  problem a r e :  1 )  s a t u r a t e  t h e  bonding 
a l l o y  w i t h  t h e  same n o b l e  meta l  used i n  t h e  conduc tor ,  and 2) u s e  
f l u x  s p e c i f i c a l l y  des igned  t o  reduce l e a c h i n g .  
Leaching or Dif fusion a t  Resistor-Conductor ~ n t e r f a c e ~  - Leaching 
o r  d i f f u s i o n  can o c c u r  a t  t h e  r e s i s t o r - c o n d u c t o r  i n t e r f a c e  which 
w i l l  r e s u l t  i n  a  change i n  t h e  r e s i s t a n c e  v a l u e .  T h i s  problem can 
b e  minimized by s e l e c t i o n  of compat ible  m a t e r i a l s  used f o r  re-  
s i s t o r s  and conduc tors .  
Open Resistor Due t o  Cracking of the  ~ i l r n l O  - The u s e  of an  i n k  o r  
p a s t e  c o n t a i n i n g  an  i n s u f f i c i e n t  q u a n t i t y  of slow-drying s o l v e n t ,  
w e t t i n g  a g e n t ,  o r  f low c o n t r o l  a d d i t i v e  can r e s u l t  i n  open r e s i s -  
t o r s  due t o  c r a c k s  formed d u r i n g  c u r i n g .  The open r e s i s t o r s  can 
b e  d e t e c t e d  by e l e c t r i c a l  probing and by SEM i n s p e c t i o n .  The prob- 
l e m  can b e  minimized by a  thorough t e s t  and a n a l y s i s  of m a t e r i a l s  
p r i o r  t o  use .  
Non-Operation o f  C ircu i t  Due t o  Worst-Case Tolerance ~ u i l d u ~ l  l - 
This  f a i l u r e  mechanism can be  avoided by r e q u i r i n g  a w o r s t  c a s e  
a n a l y s i s  of t h e  c i r c u i t  p r i o r  t o  s p e c i f y i n g  t h e  procurement l i m i t s  
of  e lements  and t h e  trimming of r e s i s t o r s .  E l e c t r i c a l  t e s t  of t h e  
completed c i r c u i t  w i l l  d e t e c t  t h e  mechanism. 
S i l v e r  f igrat ion3 - S h o r t  c i r c u i t  can occur  between s i l v e r  r i c h  
conductors  w i t h  i n s u f f i c i e n t  spac ing .  Th is  e f f e c t  can b e  mini- 
mized by r e q u i r i n g  a  minimum spac ing  between conduc tors  of 20 
m i l s .  The problem can b e  avoided by u s e  of gold  a l l o y  conduc tors .  
E l e c t r i c a l  measurement and SEM i n s p e c t i o n  w i l l  d e t e c t  t h e  problem. 
PaZZadim-Silver Resistor Change Due t o  Hydrogen ~ t m o s ~ h e r e  - 
The s p e c i f i c  phenomena o c c u r r i n g  i s  n o t  s a t i s f a c t o r i l y  e x p l a i n e d ,  
b u t  i t  h a s  been w e l l  e s t a b l i s h e d  t h a t  a  r e s i s t o r  w i l l  undergo a  
ve ry  d r a s t i c  change a f t e r  an exposure  of on ly  24 h o u r s  i n  hydro- 
gen. A p p l i c a t i o n  of a  g l a s s  c o a t i n g  on t h e  r e s i s t o r  w i l l  minimize 
t h e  e f f e c t ,  b u t  a  more l o g i c a l  s o l u t i o n  i s  t o  avo id  t h e  exposure  
t o  hydrogen. 
Hol Spots a-t ,Sharp Corners on ~ e , c ; . < s ~ ~ r s ~  - Sha,p corners  o r  ve ry  
narrow p a t h s  \,ill c r e a t e  ho-c. s p o t s  which can a f f e c t  t h e  s t a b i l i t y  
o f  t h e  r e s i s t o r .  The h o t  s p o t s  can be  d e t e c t e d  by i n f r a r e d  
scann ing  of t h e  c i r c u i t  p r i o r  t o  capping.  The problem can be 
minimized by a v o i d i n g  s h a r p  c o r n e r s  i n  r e s i s t o r  p a t t e r n s .  
Conductor/Resis tor  ~ l i s  ter ing3  9 l2 - The mismatch i n  thermal  co- 
e f f i c i e n t  o f  expansion of t h e  r e s i s t o r ,  conductor  and ceramic 
s u b s t r a t e  can  cause  a  c r a z i n g  o r  c r a c k i n g  of t h e  r e s i s t o r  l a y e r .  
3 )  Chip Elements, Attachment and Interconnection 
Excessive Heating of Semiconductor Chips l - Non-operation can 
o c c u r  due t o  t r a n s i s t o r  f a i l u r e  caused by e x c e s s i v e  h e a t i n g .  Hot 
s p o t s  due t o  c e n t r a l l y  l o c a t e d  power r e s i s t o r s  can cause  e x c e s s i v e  
h e a t i n g  of a d j a c e n t  t r a n s i s t o r  c h i p s .  The f a i l u r e  mechanism can 
b e  prevented by l o c a t i n g  a l l  power r e s i s t o r s  e x t e r n a l  t o  packages 
c o n t a i n i n g  t e m p e r a t u r e  s e n s i t i v e  p a r t s .  E l e c t r i c a l  t e s t i n g  o f  
t h e  c i r c u i t  o r  a  thorough the rmal  a n a l y s i s  o f  t h e  package w i l l  
d e t e c t  t h e  f a i l u r e .  
Resistive ~ o n d s l  - I n o p e r a t i v e  c i r c u i t s  can b e  caused by a  h i g h  
r e s i s t a n c e  i n  bonds due t o  con tamina t ion ,  o x i d a t i o n  o r  incomple te  
bonding.  T h i s  f a i l u r e  mechanism i s  d e t e c t a b l e  by e l e c t r i c a l  t e s t .  
The problem can  b e  minimized by p roper  p r o c e s s  c o n t r o l s  cover ing  
con tamina t ion  and bonding.  
Lif t ing of Pads Due t o  Insuf f ic ient  Adherence t o  ~ u b s t r a t e ~ ~ ~ l  - 
T h i s  problem can b e  caused by any of t h e  f o l l o w i n g :  I) Leaching 
of s i l v e r - g o l d - s o l d e r  combinat ions;  2)  incomple te  bonding between 
contaminated s u r f a c e s ,  and 3) incomple te  bonding due t o  improper 
f i r i n g  t empera tu re .  A bonding-pad p u l l  test  w i l l  d e t e c t  t h e  prob- 
lem p r i o r  t o  s e a l i n g  o r  X-ray i n s p e c t i o n  a f t e r  package s e a l i n g .  
The use  of platinum-gold f o r  conduc tors  w i l l  e l i m i n a t e  t h e  f a i l u r e  
mechanism. 
Shorted lizterconnecting Wires t o  Die or chip1 - This  f a i l u r e  
mechanism t y p i c a l l y  o c c u r s  on semiconductor  d i c e  where t h e  edges 
of t h e  c h i p  a r e  a t  a  d i f f e r e n t  p o t e n t i a l  t h a n  t h e  w i r e .  The 
s h o r t i n g  of t h e  w i r e  i s  due t o :  1 )  downbonding from a h i g h e r  
s u r f a c e  t o  a  lower one ,  and 2 )  improper l e a d  l e n g t h ,  t o o  s h o r t  i n  
l e n g t h  p r o v i d e s  i n a d e q u a t e  c l e a r a n c e ,  t o o  l o n g  a l lows  t h e  w i r e  
under mechanical  s t r e s s  t o  deform and touch t h e  edge of t h e  ch ip .  
The f a i l u r e  mechanism i s  d e t e c t a b l e  i n  p recap  v i s u a l  and e l e c -  
t r i c a l  t e s t .  P roper  w i r e  l e n g t h  arbd d r e s s  w i l l  minimize t h e  prob- 
lem. 
Shorted Conductors a t  Insulated Crossover1 - Holes i n  t h e  g l a s s  
i n s u l a t i o n  l a y e r  o r  i n s u f f i c i e n t  t h i c k n e s s  a l l o w i n g  punch-through 
can r e s u l t  i n  a  s h o r t  c i r c u i t  between conduc tors .  E l e c t r i c a l  t e s t  
o r  a v i s u a l  i n s p e c t i o n  p r i o r  t o  a p p l y i n g  t h e  t o p  c r o s s o v e r  con- 
d u c t o r  w i l l  d e t e c t  t h e  f a i l u r e .  A double  g l a s s  i n s u l a t i o n  l a y e r  
and thorough v i s u a l  i n s p e c t i o n  w i l l  minimize t h e  problem. 
Loose Chip Elements Due t o  Glass F r i t  Fracture1 - Glass  f r i t  used 
i n  c h i p  a t t achment  i s  s u b j e c t  t o  f r a c t u r e  and s e p a r a t i o n  under  
mechanical  o r  thermal  s t r e s s .  A t  t imes  t h i s  f a i l u r e  may b e  de- 
t e c t e d  by e l e c t r i c a l  t e s t  and p o s s i b l y  by X-ray. E u t e c t i c  o r  
s o l d e r  c h i p  a t t achment  e l i m i n a t e s  t h i s  mechanism. 
Chip Solder Bond FaiZurel1 - I n s u f f i c i e n t  s o l d e r  and s o l d e r i n g  
t empera tu re  can r e s u l t  i n  s o l d e r  bond s e p a r a t i o n  under mechanical  
s t r e s s .  E l e c t r i c a l  t e s t i n g  w i l l  normal ly  d e t e c t  t h e  f a i l u r e .  
P roper  p r o c e s s  c o n t r o l  w i l l  minimize t h e  problem. 
Capacitive ~ o u ~ l i n ~ ~ ~  - C a p a c i t i v e  coup l ing  due t o  l o n g  p a r a l l e l  
conduc tors  can cause  c i r c u i t  ma l func t ion .  E l e c t r i c a l  t e s t i n g  w i l l  
d e t e c t  t h e  problem. Rout ing  c l o c k  l i n e s  away f rom s e n s i t i v e  c i r -  
c u i t r y  and a v o i d i n g  l o n g  p a r a l l e l  p a t h s  w i l l  minimize t h e  problem. 
Cracked Semiconductor ~ i c e ' l  - T h i s  mechanism can occur  from i n -  
s t a l l i n g  d i c e  p r e v i o u s l y  c racked  o r  c r a c k i n g  d i c e  d u r i n g  assembly 
and w i r e  bonding.  E l e c t r i c a l  t e s t  f o l l o w i n g  t h e r m a l  and mechanical  
stress t e s t i n g  w i l l  u s u a l l y  d e t e c t  t h e  f a i l u r e s .  A 100% v i s u a l  
i n s p e c t i o n  on r e c e i v i n g  t h e  d i c e  and i n s p e c t i o n  p r i o r  t o  s e a l i n g  
t h e  package w i l l  minimize t h e  f a i l u r e s .  
Solder Joint  Failures Due t o  I n s u f f i c i e n t  Heat and so lder l1  - 
T h i s  i s  c o r r e c t e d  by p r e t i n n i n g  l e a d s ,  t e m p e r a t u r e  c o n t r o l  on 
s o l d e r i n g  i r o n  and c e r t i f y i n g  s o l d e r e r s .  V i s u a l  i n s p e c t i o n  de- 
t e c t s  t h e  improper j o i n t s .  
Poor Solderabi l i ty  Due t o  Oxidation o f  the  Conductors3 - This  
f a i l u r e  mechanism can b e  minimized by keeping p a r t s  i n  a  d r y  
n i t r o g e n  box u n t i l  ready f o r  s o l d e r i n g .  
Poor Solderabi l i ty  Due t o  Glass on surface3 - Glass  ooz ing  from 
t h e  pores  o r  c r e v i c e s  between m e t a l  g r a i n s  d u r i n g  f i r i n g  can 
a l s o  d e c r e a s e  t h e  s o l d e r a b i l i t y  of conduc tors .  
4) packaging and MisczZ%aneous 
Separation of cover1 - Incomplete  s e a l i n g  o f  l i d  t o  package due 
t o  contaminated a r e a s  o r  improper  t i m e  and t e m p e r a t u r e  of s e a l  
o p e r a t i o n .  Normally d e t e c t e d  d u r i n g  h a n d l i n g  and s e a l  l e a k  t e s t -  
i n g ,  t h e  mechanisms can b e  minimized by p r o p e r  wash and s e a l  
p r o c e s s  c o n t r o l s .  
Loss of External ~eadl - F r a c t u r e  and s e p a r a t i o n  o f  e x t e r n a l l y  
b r a z e d  on l e a d s  due t o  incomple te  b r a z i n g .  T h i s  f a u l t  can b e  
d e t e c t e d  i n  a n o n - d e s t r u c t i v e  l e a d  f a t i g u e  t e s t .  S t r i n g e n t  
p r o c e s s  c o n t r o l  i n  b r a z i n g  i s  r e q u i r e d  t o  minimize t h e  problem. 
The problem can b e  avoided by r e q u i r i n g  packages w i t h  con t inuous  
"through-the-glass" t y p e  l e a d  f rames.  
Failure in Lead ~ati~uel - E x t e r n a l  l e a d  s e p a r a t i o n  due t o  s c r a t c h e s ,  
n i c k s ,  o r  work-hardening of t h e  m a t e r i a l .  T h i s  f a i l u r e  mechanism 
i s  d e t e c t a b l e  by v i s u a l  i n s p e c t i o n  f o r  damage of l e a d  frames p r i o r  
t o  p l a t i n g .  Work h a r d e n i n g  of m a t e r i a l  i s  n o t  s c r e e n a b l e .  The 
problems a r e  minimized by 100% v i s u a l  i n s p e c t i o n  and by r i g i d  
s p e c i f i c a t i o n s  on m a t e r i a l s .  
External Lead ~ a m a ~ e l  - Although n o t  a  normal p r o c e s s ,  removal 
of e x c e s s  g l a s s  f low on e x t e r n a l  l e a d s  h a s  caused s e r i o u s  degrada-  
t i o n  of t h e  mechanical  s t r e n g t h  o f  t h e  l e a d  due t o  s c r a t c h e s  and 
n i c k s .  V i s u a l  i n s p e c t i o n  p r i o r  t o  p l a t i n g  t h e  l e a d s  w i l l  d e t e c t  
t h e  damage. P r o c e s s  c o n t r o l  w i l l  p r e v e n t  t h e  e x c e s s  g l a s s  f low.  
Particulate ~ontaminationl - P a r t i c u l a t e  con tamina t ion  which may 
r e s u l t  i n  i n t e r m i t t e n t  o p e r a t i o n  o r  s h o r t  c i r c u i t  i s  more pre-  
dominant i n  h y b r i d  c i r c u i t r y  t h a n  i n  m o n o l i t h i c  due t o  t h e  i n -  
c r e a s e d  number of c h i p  and w i r e  bonds and t h e  a d d i t i o n a l  t h i c k  
f i l m  c i r c u i t r y  and  m a t e r i a l s .  D e t e c t i o n  i s  by p recap  v i s u a l  in -  
s p e c t i o n .  Minimizat ion i s  by p r o c e s s  c o n t r o l  through f i n a l  s e a l i n g .  
Loss of Hermetic seaZ13 - Incomplete  h e r m e t i c  s e a l  due t o  con- 
t a m i n a t e s  t h a t  o u t g a s  w i t h i n  t h e  s e a l i n g  a r e a ,  r e s u l t i n g  i n  blow- 
h o l e s  through t h e  mol ten s e a l i n g  m a t e r i a l .  D e t e c t i o n  i s  by h e r -  
m e t i c  s e a l  t e s t i n g  and X-ray. The mechanism can b e  minimized by 
thorough c l e a n i n g  p r o c e s s  c o n t r o l  p r i o r  t o  s e a l i n g .  
Photoelectrical Effects - Ceramic packages can t r a n s m i t  s u f f i c i e n t  
l i g h t  t o  c a u s e  improper  o p e r a t i o n  of s e n s i t i v e  semiconductor  c h i p s .  
The l i g h t  s t r i k i n g  t h e  s u r f a c e  can g e n e r a t e  f a l s e  s i g n a l s ,  par-  
t i c u l a r l y  i n  high-gain  ampli f i e r s  , a l though  MSFC h a s  exper ienced  
l o g i c  c i r c u i t  s w i t c h i n g  a l s o  from t h i s  e f f e c t .  D e t e c t i o n  i s  by 
~ ~ x 1 ) c c  i ! I < ,  i L < >  [ I  I ,  i c , I 1 ,  i 1 1 ,  r i ii bLa r n,i s ~ i i  r c:ic,ci oi i ,mtl 3 ~ 1 ,  
1 e n i ~  I ,  I t ,  i t  o i 1 i I .  'The problem can be 
minirni zecl by sli i I t 1  i ai; ,t L 1 pc~cknges from l i g h t  d u r i n g  t e s t  and 
a c t u a l  u s e ,  A ~nol-r. tfe:;i I-abl e s o l u t i o n  i s  t o  e l i m i n a t e  t h e  mech- 
a n i s t ~  b y  u s i n g  a n  a l l  n ~ e t a l  package f o r  c i r c u i t s  c o n t a i n i n g  semi- 
conductor  c h i p s ,  
6. Thi72 P i  lrn i;'cli 1 ~ i ~ t :  i\2echilizisris - Table  2 surnmari zes  t h e  pre-- 
dominant Failcti-e r n ~ c * h ~ a ~ i s m s  c1i:;cllssed below, a d e s c r i p t i o n  and 
cause  n f t h e s e  me(-llani s rns  , methotl:; of  d e t e c t i n g  t h e  d e f e c t s ,  and 
methods t o  rninimizc t he cause  of t h e s e  c lefects .  
~ ' / P u c / : I Y L ~ ~ ~ ~ ~  - C r  c i i l <  i 0 l subst ra t :e  due t o  l o c a l i z e d  s t r e s s e s  f rom 
thermal shock ow r e f  L o w  s o l d e r i n g .  These s t r e s s e s  occur  due t:o 
rand0111 v a r i a t i o n s  i n  s u b s t r a t e  d e n s i t y  and cause  r e f l e c t i o n s  i n  
RF c i r c u i t r y .  D e t e c t i o n  method i s  by s u b s t r a t e  c a p a c i t a n c e  meas- 
urements,  p l a t i n g  b o t h  s i d e s  and p rob ing  f o r  c a p a c i t a n c e  v a r i a t i o n s .  
Minimized by u s i n g  i s o s t d t i c a l l y - f o r m e d  a lumina.  
Craters o r  p i t s  i n  ~ u r f ' a c e l ~  - Due t o  p u l l i n g  o u t  of l a r g e r  g r a i n s  
d u r i n g  l a p p i n g ,  b u f f i n g  o r  p o l i s h i n g .  'The mechanism is. caused by 
n o t  c o n t r o l l i n g  g r a i n  s i z e  t o  l e s s  t h a n  6 mic ro inches .  The 
mechanism can b e  minimized by u s i n g  m a t e r i a l  w i t h  e x t r a - s m a l l  
g r a i n  s i z e  (0.6 microinch average)  o b t a i n e d  by i n h i b i t i n g  t h e  
g r a i n  growth. D e t e c t i o n  i.s by v i s u a l  i n s p e c t i o n  ( o r  SEM). 
Surface Alkali  L'oncentrations14 - Both unglazed and glazed m a t e r i a l  
can b e  a s o u r c e  of a l l c a l i  con tamina t ion .  The a c c e p t a b l e  l i m i t  
shou ld  b e  c o n t r o l l e d  by t h e  s u p p l i e r  t o  l e s s  than  0 .2%.  
Uneven S z ~ r f a c e l ~  - An uneven s u r f a c e  can cause  h igh  l o c a l  s t r e s s e s  
i n  nichrome r e s i s t o r s ,  r e s u l t i n g  i n  r e s i s t a n c e  change. The  un- 
eveness  ac.ce1eratcs o x i d a t i o n  of t h e  f i l m .  
2 )  Deposition, Il'riming and Materials 
Resi:; tcrllcc n?+ifl  01' :"CfZ ~ ' ~ ~ L Y L L J Q ' ~  -- A change i n  r e s i s t o r  va lue  a n d /  
o r  rl;l e o f  r e ~ i s l ~ t r i i  c. t lli~nge vs t eiiiperattrre w i l l  s h i  it Cram t h e  
i n i  t i  a1 v,il  rir. c l r i < x  t o  1 he Pol l uwi ng :  
SegriigclCio.i~ ~ ~ j '  ('on:; i ii/;n i,:; - Slapal at:i o n  o r ni  clccl and  clirorniurn o C 
~~ic i i r -n in ix  clur i n p  t i L ~ r x ) : , i i  on i s  t l r r ~  1 0  d j j  i -erent  v a p o r i z a t i o n  t e m -  
p e r a c c t r  cr; oil ~ l i ~ - .  I , L < I I  , t i <: l s; i i n  ~ l i i ~  rc.:;i:;tor m i x ,  'I'lie mechanism i s  
d e t c t  i a l t i c ~  i l y  i 3 i i . l  I r i c  i < > s i ,  
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ChcmicaZ React-i.cii~ z i t h  Absoiqbed Gases, .!%cups ~t'Lc~nis,  Curl turninant 
L i q u i d s ,  or SoZids - The newly formed compounds may have d r a s -  
t i c a l l y  d i f f e r e n t  c h a r a c t e r i s t i c s .  A t y p i c a l  example i s  the re- 
a c t i o n  on r e s i s t o r s  by amine from r e s i n  h a r d n e r s .  
Thermal Coef f ic ient  of Expansion Mismatch S t ress  Induction Between 
a F i l m  and Substrate - I n  t h i s  i n s t a n c e ,  t h e  problem can b e  mini- 
mized by h e a t i n g  t h e  s u b s t r a t e  p r i o r  t o  d e p o s i t i o n .  
Chemical or Physical Change of F i l m  with Temperature - T h i s  o c c u r s  
i n  m a t e r i a l s  i n  which s t a b i l i z a t i o n  and c r y s t a l l i z a t i o n  a r e  a t  t h e  
same tempera tu re .  
Cracking and Bulking of oxidel6 - This  i s  due t o  r e s i d u a l  s t r e s s e s  
and can be  minimized by p r e h e a t i n g  t h e  s u b s t r a t e  p r i o r  t o  deposi -  
t i o n .  
~ o r o s i t y ~ ~  - P o r o s i t y  can r e s u l t  from contaminated o i l y  r e s i d u e s  
on wafe rs .  T h i s  w i l l  r e s u l t  i n  c i r c u l a r  d e f e c t s  when tan ta lum i s  
s p u t t e r e d  on t h e  s u r f a c e  and anodized.  
0 x i d a t i o n l ~ 9 ~ ~  - I n c r e a s i n g  r e s i s t a n c e  due t o  t h e  fo rmat ion  of 
t a n t a l u m  oxygen o r  t a n t a l u m - n i t r i d e  compounds. T h i s  f a i l u r e  mech- 
anism u s u a l l y  r e s u l t s  i n  a  parameter  d r i f t  and t y p i c a l l y  occurs  
a t  e l e v a t e d  t empera tu res  g r e a t e r  t h a n  150°C. The parameter  change 
can b e  d e t e c t e d  by e l e c t r i c a l  t e s t .  
Semiconductor ~ i s l e c t r i c l  - Ti02 f i l m  d i e l e c t r i c  can e x h i b i t  
semiconductor p r o p e r t i e s .  T h i s  has  been i n d i c a t e d  by e l e c t r i c a l  
anomalies of T i 0  f i l m s .  
X 
Thermal ~ u n a w a y l ~ * ~ ~  - T h i s  f a i l u r e  mechanism i n  t an ta lum r e s i s t o r s  
r e s u l t s  i n  an open and i s  due t o  a  combination of two o t h e r  mech- 
anisms: (1) o x i d a t i o n  and ( 2 )  c o n s t r i c t i o n .  When c u r r e n t  passes  
through an  a r e a  c o n s t r i c t e d  enough t o  cause  a  h o t  s p o t ,  l o c a l  
o x i d a t i o n  o c c u r s .  The i n c r e a s e  i n  r e s i s t a n c e  due t o  o x i d a t i o n  
r e s u l t s  i n  f u r t h e r  c o n s t r i c t i o n .  Th is  c y c l e  c o n t i n u e s  u n t i l  t h e  
r e s i s t o r  e i t h e r  c r a c k s  o r  v a p o r i z e s ,  caus ing  an  open c i r c u i t .  The 
the rmal  c o n d u c t i v i t y  of t h e  b a s i c  s u b s t r a t e  m a t e r i a l  has  a s i g -  
n i f i c a n t  e f f e c t  on t h i s  mechanism, %,em,  poor thermal  c o n d u c t i v i t y  
can  cause  o r  a c c e l e r a t e  t h e  problem. The f a i l u r e  can be  d e t e c t e d  
by e l e c t r i c a l  t e s t  o r  the rmal  p o t t i n g  of t h e  c i r c u i t  p r i o r  t o  
capping.  
Ari e q u i v a l e n t  mechanism o c c u r s  i n  t a n t a l u m  c a p a c i t o r s .  I n  t h e  
fo rmat ion  of t h e  d i e l e c t r i c  t a n t a l u m  p e n t o x i d e  (Ta205) ,  t h e  p r e s e n c e  
of minute  con tamina t ion  p a r t i c l e s  p r e v e n t  complete a n o d i z a t i o n  o f  
t h e  t a n t a l u m  f i l m .  These f a u l t s  i n  t h e  d i e l e c t r i c  a l l o w  s m a l l  b u t  
v e r y  l o c a l i z e d  c u r r e n t s  t o  s t a r t .  The d i e l e c t r i c  i n  t h e  p a t h  o f  
t h e  c u r r e n t  is  h e a t e d  which i n  t u r n  lowers  t h e  r e s i s t a n c e ,  a l l o w i n g  
an  i n c r e a s e  i n  c u r r e n t .  The c y c l e  c o n t i n u e s  u n t i l  f a i l u r e  o c c u r s .  
The f a i l u r e  w i l l  r e s u l t  i n  an open c i r c u i t  i f  s e r i e s  r e s i s t a n c e  
does n o t  s u f f i c i e n t l y  l i m i t  t h e  c u r r e n t .  When c u r r e n t  l i m i t i n g  
occurs  due t o  l a r g e  s e r i e s  r e s i s t o r s  t h e  f a i l u r e  mode w i l l  b e  s h o r t  
c i r c u i t .  
~ w n i d i t ~ l ~  - Tantalum Pen tox ide  (Ta205) d i e l e c t r i c  f i l m  has  been  
observed t o  undergo a much g r e a t e r  change w i t h  humidi ty  c o n d i t i o n s  
when b u i l t  w i t h  go ld  r a t h e r  t h a n  w i t h  gold-nichrome f i l m  c o u n t e r  
e l e c t r o d e s .  Th i s  e f f e c t  was due t o  t h e  l i f t i n g  of gold  and absorp-  
t i o n  of a monolayer of m o i s t u r e .  Use of an o r g a n i c  impregnan t ,  a 
p o l y e t h y l e n e  po lybu ty lene  m i x t u r e ,  reduced t h e  c a p a c i t a n c e  s e n s i -  
t i v i t y  t o  m o i s t u r e  t o  a v e r y  low v a l u e .  
Reaction of Silicon Monoxide to Oxygen and ~oisturel~ - This  mech- 
anism r e s u l t s  i n  f r a c t u r e  due t o  ha rdness  and low the rmal  expan- 
s i o n  c o e f f i c i e n t .  
Particulate  ont tam in at ion^^ - Embedment of SiO o r  d u s t  p a r t i c l e s  
i n  t h e  d i e l e c t r i c  f i l m  y i e l d s  a rough s u r f a c e  o r  p i n h o l e s .  
carbidelG - Tantalum c a p a c i t o r s  t h a t  f a i l e d  under a c c e l e r a t e d  
t e s t  c o n d i t i o n s  were  found t o  c o n t a i n  Tantalum Carbide  i n  t h e  
Ta205 d i e l e c t r i c  f i l m .  The carbon s o u r c e  was assumed t o  be  from 
t h e  d i f f u s i o n  pump o i l  o r  secondary s p u t t e r i n g  from s t a i n l e s s  
s t e e l  s h i e l d i n g  i n  t h e  a p p a r a t u s .  
Dielectric Degradation by Ionic ~onductionl - I o n i c  conduc t ion  
i n  t h e  t a n t a l u m  pen tox ide  d i e l e c t r i c  can r e s u l t  i n  i n c r e a s e d  
c u r r e n t  l e a k a g e  o r  a d e c r e a s i n g  l eakage .  S t r e s s i n g  i n  t h e  tem- 
p e r a t u r e  range  of 125 t o  250°C w i t h  z e r o  b i a s  w i l l  r e s u l t  i n  v e r y  
l a r g e  i n c r e a s e s  i n  l eakage  c u r r e n t  w i t h  e v e n t u a l  l e v e l i n g  o f f  a t  
a h i g h  v a l u e .  A b i a s  v o l t a g e  w i l l  i n h i b i t  t h e  l eakage  i n c r e a s e .  
When t h e  b i a s  v o l t a g e  is  h i g h  enough, t h e  l eakage  c u r r e n t  w i l l  
d e c r e a s e .  T h i s  e f f e c t  has  occur red  w i t h  1 5  v o l t  b i a s  a t  125OC 
and 25 v o l t s  a t  175OC. The mechanism can b e  d e t e c t e d  by e l e c -  
t r i c a l  t e s t .  
Ion Migration1 9 - I o n i c  m i g r a t i o n  can occur  between a d j a c e n t  
r e s i s t o r  s t r i p e s  where a  d i f f e r e n c e  i n  d c  v o l t a g e  p o t e n t i a l  ex- 
is ts ,  r e s u l t i n g  i n  an i n c r e a s e d  r e s i s t a n c e  o f  t h e  more p o s i t i v e l y  
b i a s e d  p o r t i o n s  and a  cor responding  d e c r e a s e  i n  t h e  n e g a t i v e l y  
b i a s e d  r e s i s t o r .  T h i s  mechanism can occur  a c r o s s  a  U-shaped 
r e s i s t o r  o r  between p a r a l l e l  r e s i s t o r s .  High v o l t a g e  p o t e n t i a l  
and e l e v a t e d  t e m p e r a t u r e  w i l l  a c c e l e r a t e  t h e  mechanism. Elec- 
t r i c a l  test  o r  p rob ing  w i l l  d e t e c t  t h e  change. 
Ionic  ont tam in at el^ - I o n i c  con tamina t ion  i n  t h e  form of c h l o r i n e  
has  been i n t r o d u c e d  i n t o  packages w i t h  o r g a n i c  r e s i n  f l u x e s .  The 
problem was minimized by v e n t i n g  t h e  package d u r i n g  s e a l i n g  t o  
a l low gases  t o  e s c a p e ,  t h e n  plugging t h e  v e n t  h o l e .  
Cations ~iffusionl~ - I n c r e a s i n g  r e s i s t a n c e  h a s  been d e t e c t e d  w i t h  
i n c r e a s i n g  t e m p e r a t u r e  c y c l e s .  It h a s  been t h e o r i z e d  t h a t  t h e  
mechanism i s  due t o  con tamina t ion  of t h e  f i l m  by d i f f u s i o n  of 
a l k a l i  i o n s  from t h e  s u b s t r a t e  i n t o  t h e  r e s i s t o r  f i l m .  
Silver Migrationlg - A major and f r e q u e n t  f a i l u r e  mode of capac i -  
t o r s  w i t h  s i l v e r  e l e c t r o d e s  i s  a  s h o r t  c i r c u i t  due t o  t h e  s i l v e r  
m i g r a t i n g  a c r o s s  t h e  d i e l e c t r i c  i n t e r f a c e  and th rough  p i n  h o l e s .  
The use  of s i l v e r  a s  e l e c t r o d e s  shou ld  be  p r o h i b i t e d  i n  h i g h  re -  
l i a b i l i t y  programs. 
Electrolytic ~orrosionl~ - Degradat ion of nichrome (NiCr) r e s i s t o r  
and i n t e r c o n n e c t i n g  l e a d  w i r e  has  occur red  due t o  e l e c t r o l y t e  
i o n s  t r a n s p o r t e d  a c r o s s  a mois t  i n s u l a t o r  s u r f a c e  by (1) an i n -  
duced e x t e r n a l  p o t e n t i a l ,  and ( 2 )  t h e  p o t e n t i a l  developed i n -  
t e r n a l l y  i n  t h e  form of e l e c t r o c h e m i c a l  p o t e n t i a l s  o f  d i s s i m i l a r  
meta l s  i n  e l e c t r i c a l  c o n t a c t .  
Explosion of ~ a s e s l ~  - S h o r t  c i r c u i t  due t o  p u n c t u r e  of t h e  SiO 
d i e l e c t r i c  f i l m  r e s u l t e d  when an e x p l o s i o n  of g a s e s  i n  chromium 
c h i p s  occur red  d u r i n g  v a p o r i z a t i o n  of t h e  chromium. 
3)  Chip Elements, Attachment and Interconnections 
Wire Bond ~eparationl~ - Open c i r c u i t  due t o  improper s e t t i n g  of 
w i r e  bonder.  F a u l t  minimized by p e r i o d i c  c a l i b r a t i o n  of equip- 
ment. F a i l u r e  mechanism d e t e c t e d  by p recap  v i s u a l ,  the rmal  and 
mechanical  s t r e s s e s  fol lowed by e l e c t r i c a l  t e s t .  Th i s  problem 
can be minimized by a  p e r i o d i c  l e a d  bond p u l l .  
Bond h%re l7rror2O - Due t o  t h e  increased  number of wi re  bonds i n  
hybr ids  and t h e  poss ib l e  l ayou t  of i n t e r connec t ing  pads, bond 
w i r e  e r r o r s  a r e  more l i k e l y  t o  occur.  This  problem can be  mini- 
mized by c a r e f u l  layout  of in te rconnect  c i r c u i t r y ,  optimum pad 
shapes and in te rconnect  diagrams screened on s u b s t r a t e .  
Probe ~ a r r z a ~ e ~ ~  - I n  t h e  process  of e l e c t r i c a l  probing semiconductor 
d i c e  p r i o r  t o  s e p a r a t i o n  of a wafer ,  some test equipment is de- 
s igned t o  "wipe" t h e  s u r f a c e  t o  e s t a b l i s h  good e l e c t r i c a l  con tac t .  
This  wiping a c t i o n  w i l l  sometimes p e e l  b i t s  of t h e  meta l ,  which 
may i n t e r f e r e  w i t h  t h e  w i r e  bond o r  may break loose  i n  l a t e r  t e s t -  
ing .  
Excess  ond din^^^ - Changes i n  ch ip  parameters have occurred due 
t o  excess  d i e  bonding times and temperatures .  The problem w a s  
minimized by optimum s e l e c t i o n  of bonding m a t e r i a l s  and a t t ach -  
ment t ime and temperature schedules .  
4 )  Packaging and MisceZZaneous Items - Refer  t o  th ick- f i lm hybr id  
s e c t i o n  f o r  app l i cab le  f a i l u r e  mechanisms. 
Design 
a. SeZection Criteria for Thick F i l m  Hybrids - Most hybr id  t h i c k  
f i l m  c i r c u i t s  a r e  custom designed f o r  each s p e c i f i c  a p p l i c a t i o n .  
Therefore,  t h e  major s e l e c t i o n  c r i t e r i a  of hybr ids  must be  con- 
c e n t r a t e d  on t h e  processes  and m a t e r i a l s  used and t h e  manufac- 
t u r e r ' s  p a s t  h i s t o r y  of successes  o r  f a i l u r e s  r a t h e r  than  on usage 
h i s t o r y  of a  s p e c i f i c  c i r c u i t  con f igu ra t ion  a s  a p p l i c a b l e  t o  
monol i th ic  c i r c u i t s .  
The processes  wi th  known time-dependent f a i l u r e  mechanisms t h a t  
can a f f e c t  t h e  l i f e  of t h e  program must b e  i d e n t i f i e d  and avoided 
o r  minimized. I n  a d d i t i o n ,  process  s e l e c t i o n  and c o n t r o l  must be  
imposed t o  minimize t h e  f a i l u r e  mechanisms d e t a i l e d  i n  Sec t ion  C . l  
of t h i s  r e p o r t .  The s e l e c t i o n  c r i t e r i a  f o r  i n d i v i d u a l  ch ip  e l e -  
ments is  t h a t  po r t ion  of each i n d i v i d u a l  p a r t  r epo r t  t h a t  i s  ap- 
p l i c a b l e  t o  t h e  b a s i c  uncased element,  inc luding  attachment and 
in te r -connect ion  c r i t e r i a .  The attachment and inter-connect ing 
m a t e r i a l s  may have t o  be modified t o  be compatible wi th  t h e  t h i c k  
f i l m  conductors and pads. 
Table 3 l i s t s  t h e  var ious  des ign  f a c t o r s  t o  be considered f o r  se-  
l e c t i n g  long  l i f e  t h i c k  f i l m  hybrids  a s  discussed i n  t h e  fo l lowing  
paragraphs.  
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1 )  Process and j4ateriaZs Selection - Processes and  materials thaL 
a r e  known t o  b e  r e l i a b i l i t y  risks must be  p r o h i b i t e d  from u s e  
where l o n g - l i f e  a s s u r a n c e  i s  r e q u i r e d .  P r o c e s s e s  and m a t e r i a l s  
t h a t  r e q u i r e  c o n t r o l  a r e  i d e n t i f i e d  i n  t h e  f o l l o w i n g  paragraphs .  
Palladium - R e s i s t o r  m a t e r i a l  c o n t a i n i n g  pa l l ad ium must n o t  b e  
p e r m i t t e d  i n  h i g h - r e l i a b i l i t y  p a r t s .  I t  i s  a  w e l l  e s t a b l i s h e d  
f a c t  t h a t  r e s i s t o r s  c o n t a i n i n g  Pa l l ad ium a r e  s u b j e c t  t o  change by 
r e d u c t i o n  o r  o x i d a t i o n 2 ]  when exposed t o  a  hydrogen a tmosphere ,  
o r  o t h e r  r e d u c i n g  o r  o x i d i z i n g  environments .  S i n c e  s a t i s f a c t o r y  
r e s i s t o r  m a t e r i a l s  a r e  a v a i l a b l e  t h a t  a r e  n o t  s o  d r a s t i c a l l y  
a f f e c t e d ,  t h e  s p e c i f i c  m a t e r i a l s  must b e  i d e n t i f i e d  and r e q u i r e d  
i n  t h e  p r o d u c t i o n  of p a r t s .  Accep tab le  r e s i s t o r  m a t e r i a l s  i n c l u d e  
Bismuth, Ruthenium, Tha l l ium and I r r i d i u m  p a s t e s .  The p a s t e  con- 
s is ts  of  combinat ions  of t h e  n o t e d  m a t e r i a l s  u s u a l l y  a s  o x i d e s ,  
i n  a mechanical  mix of p a r t i c l e s  t y p i c a l l y  less t h a n  one micron 
i n  s i z e ,  a  f l u x  o r  f r i t  t o  adhere  t h e  m a t e r i a l  t o  t h e  sub- 
s t r a t e  and a  v e h i c l e  t o  p r o v i d e  s c r e e n a b i l i t y .  Both t h e  mate- 
r i a l s  i n v o l v e d  and t h e  p r o p o r t i o n  of each t e n d  t o  be  c r i t i c a l .  
~ c c e ~ t a b l e ~ l  p a s t e s  i n c l u d e  "Birox" a  Bismuth-Ruthenium-Oxide 
(DuPont) , T h a l l i u m  based s e r i e s  (E lec t ro -Sc ience  Lab) , "Firon" 
( E l e c t r o  M a t e r i a l s  Corp. of America) ,  and "BB" s e r i e s  Ruthenium 
p a s t e s  (Al loys  Unl imi ted-P lessy ,  I n c . ) .  
S i l v e r  - M a t e r i a l  c o n t a i n i n g  s i l v e r  must n o t  b e  p e r m i t t e d  i n  ap- 
p l i c a t i o n s  r e q u i r i n g  l o n g  l i f e .  P a s t  usage h i s t o r y  of r e s i s t o r s  
c o n t a i n i n g  s i l v e r  i n d i c a t e  a  f a i l u r e  mechanism of m i g r a t i o n 2 2 , 2 3 ,  
b o t h  a t  t h e  c o n d u c t o r - r e s i s t o r  i n t e r f a c e ,  and between t h e  r e s i s t o r  
and a d j a c e n t  conduc tors .  I n  a d d i t i o n ,  s i l v e r  must n o t  b e  used i n  
conduc tors  f o r  t h o s e  reasons  p r e v i o u s l y  no ted  and a l s o  due t o  t h e  
f a c t  t h a t  s i l v e r  w i l l  go i n t o  s o l u t i o n  w i t h  t i n - l e a d  s o l d e r s ,  
c a u s i n g  a change i n  c h a r a c t e r i s t i c s .  2 2  
Substrate Material - There  appears  t o  be no r e l i a b i l i t y  r i s k  w i t h  
t h e  94 t o  96% o r  96 t o  98% alumina o r  B e r y l l i a  excep t  f o r  e x c e s s  
breakage on t h i c k n e s s  of l e s s  t h a n  20 m i l s .  F l a t n e s s  of t h e  sub- 
s t r a t , e  w i l l  a f f e c t  manufactur ing y i e l d  b u t  does n o t  impose a  r e -  
l i a b i l i t y  r i s k .  
Element and Substrate Attachment - Glass  f r i t  d i e  bonding shou ld  
b e  avoided wherever  p o s s i b l e  s i n c e  it may f r a c t u r e  when s u b j e c t  
t o  the rmal  and mechanical  s t r e s s ,  Epoxy, p l a s t i c  and o t h e r  
r e s i n o u s  t y p e  bonding m a t e r i a l s  must be  p r o h i b i t e d  i n t e r n a l  t o  a 
package,  s i n c e  t h e  long  t e rm c h a r a c t e r i s t i c s  a r e  unknown and t e s t s  
i n d i c a t e  p r e s e n t  m a t e r i a l  combinat ions  a r e  d e g r a d a t i ~ n a l , ~ ~  
A t  Laci~riic\iii of sr lbsi  i c i o i i < l s c l  01 jiL~c-lcagc : r l ~ t l  e Lerilcnis i o s u b -  
s t r a t - e  shonl tl b e  t:on~p l i s i i ~ ~ d  by means o f  3 e r i t e c t i c  o r  s o l d e r  
p a s t e .  lf e u t e c t i c  bonding t empera tu res  a r e  d e g r a d a t i o n a l  t o  t h e  
c h i p s  o r  e l e m e n t s ,  a go ld  f i l l e d  s o l d e r  p a s t e  may be used.  
E u t e c t i c  bonding i s  p r e f e r r e d  f o r  semiconductor  a t t a c h m e n t .  
Gold- t in  and gold-germanium e u t e c t i c s  shou ld  n o t  b e  used .  Tin- 
l e a d  s o l d e r  i s  s a t i s f a c t o r y  on ly  f o r  c a p a c i t o r  and r e s i s t o r  ch ip  
a t t achment .  Techniques of l o c a l i z e d  h e a t i n g  of  t h e  a r e a  of a t -  
tachment a r e  p r e f e r r e d  because  o t h e r  e lements  a r e  exposed t o  
reduce  h e a t i n g .  
Beam Lead - O f  t h e  numerous c h i p  a t t achment  methods i n  e x i s t e n c e ,  
beam l e a d  appears  t o  o f f e r  t h e  g r e a t e s t  p o t e n t i a l  r e l i a b i l i t y .  
U n t i l  a  f u l l  s e l e c t i o n  of e l ements  a r e  a v a i l a b l e  w i t h  beam l e a d s  
and t h e  a t t achment  p r o c e s s e s  a r e  more f i r m l y  e s t a b l i s h e d  and 
p r a c t i c e d  by i n d u s t r y ,  t h e  p r o c e s s  cannot  b e  recommended f o r  
l o n g - l i f e  h y b r i d s .  
Leadless Inverted Devices (LIDS) - The u s e  of  LIDS can  p r o v i d e  
a d d i t i o n a l  r e l i a b i l i t y  r i s k s  such  a s :  (1)  w i r e  and d i e  bonds 
cannot  b e  p r o p e r l y  i n s p e c t e d  s i n c e  t h e  e lement  is  normal ly  covered 
w i t h  a  drop o f  r e s i n o u s  m a t e r i a l ;  ( 2 )  when a t t a c h e d  i n  t h e  normal 
i n v e r t e d  manner, t h e  number o f  e x t r a  bonds r e q u i r e d  i s  e q u a l  t o  
t h e  number o f  pads o r  t e r m i n a t i o n s  on t h e  e lement ;  (3) unique 
bonding s c h e d u l e s  and f i x t u r e s  a r e  r e q u i r e d ;  and ( 4 )  t h e  i n v e r t e d  
c o n f i g u r a t i o n  p r e v e n t s  a  thorough p recap  i n s p e c t i o n  of  e l ements .  
T h e r e f o r e ,  LIDS can o n l y  be  recommended when i t  i s  deemed a b s o l u t e l y  
n e c e s s a r y  t o  burn- in  e lements  p r i o r  t o  i n s t a l l a t i o n  and i t  cannot 
be  s a t i s f a c t o r i l y  performed i n  a n o t h e r  manner. 
Bump or Flip-Chip - I n  t h e  p a s t ,  t h e  bump o r  f l i p  c h i p  has  proven 
t o  b e  u n s a t i s f a c t o r y  f o r  g e n e r a l  u s e .  Although t h i s  a t t achment  
method is  p r e s e n t l y  i n  u s e  by I B M ,  i t  must b e  p r o h i b i t e d  on long- 
l i f e  p a r t s .  
Ceramic Carlriers - The p r a c t i c e  of mounting a  semiconductor  d i e  
on a  ceramic  c h i p  then  bonding t h i s  " c a r r i e r "  c h i p  t o  t h e  t h i c k  
f i l m  s u b s t r a t e  shou ld  on ly  b e  p e r m i t t e d  i n  t h o s e  i n s t a n c e s  where 
(I) t h e  semiconductor  must b e  i s o l a t e d  from t h e  s u b s t r a t e ,  and 
( 2 )  an  i s o l a t e d  pad cannot  b e  i n c o r p o r a t e d  w i t h i n  t h e  t h i c k  f i l m  
c i r c u i t r y .  
Cerurnfc I'ueknge - Ccran:lc pncliagec, con ta l  i l i  ng  c u r r e i l ~ -  s e i l s i t i v e  
cLrculily s u c h  .is ~ i i g h - g a r n  a r n p l ~ i ~ e r s  have  failed t o  f u n c t i o n  
due  t o  p h o t o - e l e c t r i c  e f f e c t s . 2 5  The f a i l u r e s  were  dt,c i , s u f f i -  
c i e n t  l i g h t  p a s s i n g  t h r o u g h  t h e  c e r a m i c  l i d  t o  causcA phot  
c u r r e n t s  t o  b e  g e n e r a t e d  w i t h i n  a  s e m i c o n d u c t o r  c i r c u i t .  These  
l e a k a g e  c u r r e n t s  were  t h e n  a m p l i f i e d  by  t h e  c i r c u i t .  T h e r e f o r e ,  
a m e t a l  l i d  and b a s e  t y p e  package  i s  recommended f o r  h i g h - r e l i -  
a b i l i t y  o p e r a t i o n .  
Electroplating - E l e c t r o p l a t i n g  of t h i c k  f i l m  m a t e r i a l s  s h o u l d  
b e  p r o h i b i t e d  b e c a u s e  o f  t h e  a s s o c i a t e d  c o r r o s i o n  problems n o t e d  
i n  p a r a g r a p h  C.  1. a .  2 )  . 
2) Manufacturer's History - I n  s e l e c t i n g  m o n o l i t h i c  c i r c u i t s ,  a  
p r imary  s e l e c t i o n  c r i t e r i a  i s  t h e  u s a g e  h i s t o r y  o f  t h a t  s p e c i f i c  
p a r t .  S i n c e  a  h y b r i d  c i r c u i t  is n o r m a l l y  a cus tom d e s i g n e d  cir- 
c u i t ,  t h e  u s a g e  h i s t o r y  i s  o n l y  a p p l i c a b l e  t o  t h e  e l e m e n t s  o r  c h i p s  
i n c o r p o r a t e d  i n t o  t h e  o v e r a l l  c i r c u i t .  The m a n u f a c t u r e r ' s  capa-  
b i l i t y  i n  p r o d u c i n g  a  r e l i a b l e  t h i c k  f i l m  ne twork  i s  a  c r i t i c a l  
i t e m .  T h i s  c a p a b i l i t y  i s  o n l y  r e f l e c t e d  by  t h e  s u c c e s s e s  and 
f a i l u r e s  of  h y b r i d  c i r c u i t s  o f  s i m i l a r  c o m p l e x i t y  and p r o c e s s e s  b y  
t h e  same s u p p l i e r .  T h e r e f o r e ,  i t  becomes mandatory  t o  n o t  o n l y  
i n v e s t i g a t e  t h e  m a n u f a c t u r e r s  o f  t h e  d i s c r e t e  e l e m e n t s  b u t  a l s o  
t h o r o u g h l y  r e v i e w  t h e  h i s t o r y  o f  t h e  s u p p l i e r  o f  t h e  comple t ed  
c i r c u i t .  T h i s  r e v i e w  must  i n c l u d e  i n v e s t i g a t i o n  and d e f i n i t i o n  
o f  t h e  e q u i v a l e n t  p r o c e s s e s  d e f i n e d  i n  p a r a g r a p h  C . 2 . a . l )  h e r e i n ,  
t o  e n s u r e  p r o h i b i t e d  m a t e r i a l s  and p r o c e s s e s  a r e  n o t  b e i n g  used .  
D e t e r m i n a t i o n  o f  f a i l u r e  mechanisms u s u a l  t o  t h e  s u p p l i e r ' s  
p r o c e s s e s  s h o u l d  b e  made f o r  optimum s c r e e n i n g  d e f i n i t i o n .  The 
h i s t o r y  o f  s u c c e s s  o r  f a i l u r e  o f  s i m i l a r  p a r t s  on p r i o r  programs 
s h o u l d  b e  examined.  I n  a d d i t i o n ,  t h e  p r o d u c t i o n  must  b e  v e r s a t i l e  
i n  t h a t ,  as newer p r o c e s s e s  are s u f f i c i e n t l y  e s t a b l i s h e d  t o  p r o v e  
h i g h  r e l i a b i l i t y ,  t h o s e  p r o c e s s e s  c a n  b e  i n t r o d u c e d  i n t o  t h e  pro-  
d u c t i o n  f a c i l i t y ,  e . g . ,  beam l e a d .  
3) Multiple Proczlrement Sources - M u l t i p l e  procurement  s o u r c e s ,  
f o r  l a r g e  q u a n t i t i e s  of  h y b r i d s ,  i s  i m p o r t a n t  n o t  o n l y  f o r  d i s -  
c r e t e  c h i p s  used  w i t h i n  t h e  package  b u t  a l s o  f o r  t h e  o v e r a l l  c i r -  
c u i t .  A minimum of  two s u p p l i e r s  s h o u l d  b e  c o n s i d e r e d  who h a v e  
s i m i l a r  p r o c e s s e s  f o r  u n i f o r m  r e l i a b i l i t y .  A d d i t i o n a l  d e t a i l s  on 
t h e  i m p o r t a n c e  o f  m u l t i p l e  s o u r c e s  i s  n o t e d  i n  t h e  m o n o l i t h i c  
i n t e g r a t e d  c i r c u i t  r e p o r t  ( C h a p t e r  11). 
41 Active Production - The processes  s u p p l i e d  on lonp  l i f e  p a r t s  
must be used i n  a c t i v e  p r o d u c t i o n ,  I n  many i n s t a n c e s  a " l e a r n i ~ r g  
curve"  occurs  in t h e  s t a r t  up of p r o d u c t i o n  u s i n g  p r o c e s s e s  n o t  
i n  normal p r o d u c t i o n ,  To avo id  t h e  r e l i a b i l i t y  impact of t h i s  
l e a r n i n g  p e r i o d ,  i t  i s  recommended t h a t  on ly  " a c t i v e "  p r o c e s s e s  
be approved. 
5) External Materials - For s p a c e  usage ,  m a t e r i a l s  t h a t  o u t g a s  
o r  sublime must be p r o h i b i t e d .  I n  a d d i t i o n  e x t e r n a l  m a t e r i a l s  
c o n t a i n i n g  t i m e  dependent f a i l u r e  mechanisms must be  avo ided ,  
such a s  t h o s e  m a t e r i a l s  t h a t  degrade w i t h  age.  
6) Design Check - Thick f i l m  c i r c u i t s  a r e  an approach t o  compact 
packaging u s i n g  f i l m  and c h i p s  e lements  a s  opposed t o  d i s c r e t e  
p a r t s .  Because they  a r e  c o n s t r u c t e d  of e lements  p o s s e s s i n g  
p a r a m e t r i c  and o t h e r  v a r i a t i o n s ,  i t  i s  impor tan t  t h a t ,  s i m i l a r  
t o  complex d i s c r e t e  c i r c u i t s ,  t h e y  b e  des igned  such  t h a t  t h e  i n -  
tended f u n c t i o n  w i l l  b e  s u c c e s s f u l l y  performed r e g a r d l e s s  of 
t h e s e  v a r i a t i o n s .  T h e r e f o r e ,  f o r  l o n g  l i f e  a p p l i c a t i o n s ,  i t  i s  
mandatory t h a t  t h e  i n d i v i d u a l  e lements  of h y b r i d  c i r c u i t s  b e  de- 
r a t e d  s i m i l a r l y  t o  d i s c r e t e  p a r t s ,  and t h a t  t h e  e n t i r e  c i r c u i t  
be  v e r i f i e d  by a  wors t  c a s e  a n a l y s i s  which i n c l u d e s  e n d - o f - l i f e  
parameter  t o l e r a n c e s .  
b.  Selection Cr i ter ia  for Thin F i l m  Hybrids - The s e l e c t i o n  c r i -  
t e r i a  f o r  t h i n  f i l m  c i r c u i t s  a r e  i d e n t i c a l  i n  most a r e a s  t o  t h o s e  
o f  t h i c k  f i l m  c i r c u i t s  a s  d e f i n e d  i n  S e c t i o n  C.2.a h e r e i n .  Dif-  
f e r e n c e s  do occur  i n  t h o s e  p r o c e s s e s  unique t o  t h i n  f i l m s .  The 
s p e c i f i c  c r i t e r i a  unique t o  t h i n  f i l m  a r e  s p e c i f i e d  i n  t h e  fol low- 
i n g  paragraphs  and a r e  l i s t e d  i n  T a b l e  4 .  
1)  Substrate - The s u b s t r a t e  must a )  be  chemica l ly  s t a b l e  s o  t h a t  
i t  does n o t  i n t e r a c t  w i t h  t h e  d e p o s i t e d  f i l m s ,  b)  have a  the rmal  
c o e f f i c i e n t  of expansion t h a t  i s  n e a r l y  t h e  same a s  any m a t e r i a l s  
t o  b e  d e p o s i t e d  o r  a t t a c h e d ,  c)  have a  h i g h  enough the rmal  con- 
d u c t i v i t y  t o  b e  e f f e c t i v e  i n  h e a t  d i s s i p a t i o n ,  d)  e x h i b i t  good 
e l e c t r i c a l  i n s u l a t i n g  p r o p e r t i e s ,  and e )  have a  smooth s u r f a c e .  
Glazed Alumina o r  B e r y l l i a  s a t i s f y  t h e s e  requ i rements  and a r e  
recommended. 
2) C<rcziit Design and Layout - S i m i l a r  t o  t h i c k  f i l m  c i r c u i t s ,  
i t  i s  n e c e s s a r y  t h a t  Worst Case C i r c u i t  A n a l y s i s  be  performed on 
each c i r c u i t  p r i o r  t o  d e s i g n i n g  t h e  l a y o u t  and t h e  mask p repara -  
t i o n .  The a n a l y s i s  w i l l  p r e v e n t  mal func t ion  due t o  t h e  w o r s t  c a s e  
t o l e r a n c e  b u i l d u p  i n  t h e  f i n i s h e d  c i r c u i t r y .  The c i r c u i t  l a y o u t  
i s  a l s o  extremeiy impor tan t  t o  p reven t  i n t e r a c t i o n  between e l e -  
ments ,  and t o  a s s u r e  an  evenly  d i s t r i b u t e d  t empera tu re  from power 
d i s s i p a t i o n  o f  e lements .  

) , , 1 ,  / h i t  I i i ) k l i  i i  f i l i  I i. . i r  i3 I I I ~ I ~ I ~  r 011s i i l i  i r  f i i r : i  
:nat cr i ,rl .; 1vcli l , I / ,  1 , I;(. 1 t i  (or po l ( i  on nl clirornc) i s  the o n l y  one  
t h a t  a p p e a r s  t o  [ l ave  cons  i d e r a b l e  I J f e and s t a b i  L i ty  documentn- 
!:ion a v a i l a b l e .  5, 2 F  T h e r e f o r e ,  go ld  i s  t h e  recommended t h i n  
f i l m  corr i lurtor  in,lteai a l .  O t h e r  m a t e r i a l s  may be s a t  i s l a c t o r y  , 
b u t  s h o u l d  n o t  b e  approved  u n t i l  r e l i a b i l i t y  d a t a  h a s  been  r e -  
v iewed.  
~ 2 w r l i n u m ~  - Due t o  t h e  i n t e r m e  t s L L i c  growth  o f  a luminum-nickel ,  
and t h e  s u s c e p t i b i 1 i t . y  t o  e l ec t rochemica l .  c o r r o s i o n ,  b o t h  r e s u l t -  
i n g  i n  open c i r c u i t s ,  t-lii s combina t ion  c a n n o t  b e  recommended f o r  
l o n g - l i f e  a s s u r a n c e .  I n  t h e  e v e n t  t h a t  nickel-chromium r e s i s t o r s  
i n  c o n t a c t  w i t h  alumin~irn conduct-ors must  b e  u s e d ;  i . e . ,  n ichronte  
r e s i s t 0  cs on s e m i c o n d u c t o r  s u r f a c e s  c o n t a i n i n g  aluminuln me ta l -  
l i z a t i o n ,  a d d i t i o n a l  p r o c e s s  c o n t r o l s  are r e q u i r e d .  Very c a r e -  
f u l  c o n t r o l  and c l ean -up  o f  a l l  wet  chemica l  p r o c e s s e s  t o  p r e v e n t  
c o r r o s i v e  r e s i d u e  i s  a n  a b s o l u t e  n e c e s s i t y .  l n  a d d i t i o n ,  t h e  
aluminum c o n d u c t o r  and n i ch rome  r e s i s t o r  rrtust b e  c o v e r e d  w i t h  
S i 0 2  t o  a c t  a s  a  m o i s t u r e  b a r r i e r .  Note :  S i l i c o n  monoxide (SiO) 
i s  n o t  a s  s a t i s f a c t o r y  a s  S i 0 2  a s  a  m o i s t u r e  b a r r i e r .  
4) ResisLor iila'aterial - J u s t  a s  w i t h  c o n d u c t o r s ,  t h e r e  a r e  s e v e r a l  
t h i n - f i l m  r e s i s t o r  m a t e r i a l s .  The most  commonly u s e d ,  and most- 
documented m a t e r i a l ,  i s  Nichrome (80% N ;  20% Cr)  .28 T h i s  material  
i s  recommended f o r  l o n g - l i f  e a s s u r a n c e .  5, 26 C o n s i d e r a b l e  docu-  
m e n t a t i o n  may e x i s t  on t h e  o t h e r  m a t e r i a l s ,  b u t  was n o t  found  i n  
t h i s  s t u d y .  
5) Overcoat - S i l i c o n  monoxide a p p e a r s  t o  b e  a l m o s t  u n i v e r s a l l y  
u s e d  th roughou t  i n d u s t r y  a n d ,  t h e r e f o r e ,  is t h e  recommended mate-  
r i a l .  S i l i c o n  nionoxide does  n o t  s t r o n g l y  a d h e r e  t o  g o l d ,  b u t  is 
a n e c e s s a r y  c o a t i n g  on n ichrome r e s i s t o r s  f o r  p r o t e c t i o n  and sta- 
b i l i t y .  E x c e p t i o n :  s e e  p a r a g r a p h  C . 2 . b . 3 ) .  
6 )  C'hip Resistors - The maximum r e s i s t i v i t y  of  n ichrome 80-20 
i s  a p p r o x i m a t e l y  500 ohms p e r  s q u a r e ,  t h e  maximum p r a c t i c a l  re- 
s i s t a n c e  i s  a p p r o x i m a t e l y  l00IC ohms. Fo r  r e s i s t a n c e  v a l u e s  
g r e a t e r  t h a n  1001Z ohms, o r  l e s s  when t h e  s u r f a c e  a r e a  i s  c r i t i c a l ,  
t h e  u s e  o f  c h i p  r e s i s t o r s  i s  recommended. 
7) Thin-l'l:Z,n Cnpacit,ol>s - D u e  t c ~  the l a r g e  s u r f a c e  a r e a  r e q u i r e d  
f o r  f i l m  c a p a c i t o r s ,  and t h e  i n h e 1  e n t  problems i n  d i e l e c t r i c  f i l m s  , 
t h e  u s e  o f  t h i n - I i l m  c a p a c i t o r s  i s  n o t  recommended. A l a r g e  
v a r i e t y  o f  c a p a c i t o r  c h i p s  a r e  a v a i  1 , lb le  and r e q u i r e  f a r  l e s s  
s p a c e  t h a n  f i l m  c l c l l ~ c n l s .  
8) Package - Both NSFC and Mart in  Marietta have noted s e r i o u s  
e f f e c t s  when ceramic packages ,  c o n t a i n i n g  t r a n s i s t o r s ,  d i o d e s ,  
o r  i n t e g r a t e d  c i r c u i t s ,  a r e  exposed t o  l i g h t .  The t r a n s l u c e n t  
ceramic  a l l o w s  s u f f i c i e n t  l i g h t  t o  r e a c ~ i  t h e  s e a ~ ; c i , ~ i l u c ~ o r  d i e  
t o  cause  photo-generated c u r r e n t s .  I t  i s  recommended t h a t  every 
h y b r i d  c i r c u i t ,  which i n c l u d e s  semiconductor  d i e s ,  be  packaged 
i n  an a l l  m e t a l  package,  
c. Results  of Survey - A survey  of e l e c t r o n i c  p a r t  u s e r s  re -  
v e a l e d  t h a t  most a e r o s p a c e  a g e n c i e s  and companies u t i l i z e  MLL- 
STD-883 f o r  t y p i c a l  h i g h  r e l i a b i l i t y  h y b r i d  m i c r o c i r c u i t  t e s t  
r equ i rements .  A n o t a b i e  excep t ion29  was r e p o r t e d  wherein  100% 
non-destructive bond p u l l  test and moni tored v i b r a t i o n  was per-  
formed. Wixe bond q u a l i t y  on h y b r i d s  is  n o t  as uniform as on momo- 
l i t h i c  i n t e g r a t e d  c i r c u i t s ,  and t h e  n o n - d e s t r u c t i v e  bond p u l l  
test p r o v i d e s  a  100% s c r e e n  a s  w e l l  a s  a  check on t h e  wide and 
r a p i d  v a r i a t i o n s  i n  bond s t r e n g t h  t h a t  may occur .  The i n t e n t  o f  
monitored v i b r a t i o n  is  t o  more e f f e c t i v e l y  d e t e c t  conduc t ive  
p a r t i c u l a t e  con tamina t ion  w i t h i n  s e a l e d  packages .  
d. Alternate Approache8 - A l t e r n a t e  approaches  f o r  h y b r i d  c i r -  
c u i t s  are i d e n t i c a l  t o  t h o s e  d e f i n e d  f o r  m o n o l i t h i c  i n t e g r a t e d  
c i r c u i t s  and a r e  d e t a i l e d  i n  Chapter  11. Areas d e s e r v i n g  f u r t h e r  
s t u d y  a r e  (1) i n v e s t i g a t e  methods of s c r e e n i n g  and burn- in  of 
d i s c r e t e  uncased p a r t s ,  a s  a p p l i c a b l e  f o r  h y b r i d  u s e  and (2)  corn- 
p i l e ,  i n  a  s i n g l e  r e p o r t ,  t h e  e f f o r t  and r e s u l t s  t o  d a t e ,  of t h e  
beam l e a d  technology.  A g r e a t  number of s t u d i e s  and r e p o r t s  a r e  
i n  e x i s t e n c e  b u t  no s i n g l e  r e p o r t  t i e s  them a l l  t o g e t h e r  and pro- 
v i d e s  a  d e t a i l e d  conc lus ion .  It  i s  a l s o  recommended t h a t  addi-  
t i o n a l  e f f o r t  b e  expended i n  t h e  d e s i g n  of a s t a n d a r d  " q u a l i f i c a -  
t i o n  model'' h y b r i d  c i r c u i t ,  The s t a n d a r d  could  b e  des igned  s o  a s  
t o  r e q u i r e  low and h i g h  r e s i s t a n c e  f i l m  r e s i s t o r s  w i t h  trimming 
t o  X% of some predetermined v a l u e ,  use  of s p e c i f i c  v a l u e s  of re-  
s i s t o r  and c a p a c i t o r  c h i p s ,  and use  of i d e n t i f i e d  semiconductor  
d i c e .  The c i r c u i t  s t a b i l i t y  a t  des igned t e s t  p o i n t s ,  a t  v a r i o u s  
t empera tu res  and l i f e t i m e s ,  could  be  t h e n  used a s  a  q u a l i t y  i n d i -  
c a t o r  among p o t e n t i a l  manufac tu re r s .  It is f u r t h e r  b e l i e v e d  t h a t  
t h i s  concept  cou ld  p r o v i d e  maximum r e l i a b i l i t y  i n f o r m a t i o n  on a  
s u p p l i e r ' s  c o n t r o l s  w h i l e  t e s t i n g  a  ve ry  minimum s i z e d  sample o f  
c i r c u i t s .  
e ,  Narch,sare L i f e  - S i n c e  a h y b r i d  i n t e g r a t e d  cLrcuLt ~ilay cortLaill 
m o n o l i t h i c  i n t e g r a t e d  c i r c u i e  c h i p s ,  t r a n s i s t o r  and res i s t o r  d x c e ,  
and r e s i s t o r  and c a p a c i t o r  c h i p s ,  t h e  l i f e  of t h e  h y b r i d  i s  t h a t  
of t h e  element hav ing  t h e  s h o r t e s t  l i f e .  The a c t u a l  package,  
s u b s t r a t e ,  and t h i c k  f i l m  elements  have no v e r i f i e d  wearout mech- 
anisms. P r o p e r l y  c o n s t r u c t e d  and a p p l i e d  h y b r i d s  have a  l j f e  
expectancy f a r  i n  excess  of t e n  y e a r s .  
f. Application Guidelines - A p p l i c a t i o n  g u i d e l i n e s  f o r  h y b r i d  
in tegra . t ed  c i r c u i t s  a r e  i d e n t i c a l  t o  t h o s e  of m o n o l i t h i c  i n t e -  
g r a t e d  c i r c u i t s  (Chapter  T I )  . 
TEST METHODOLOGY AND mQUIREmNTS 
Q u a l i f i c a t i o n  - Due t o  t h e  f a c t  t h a t  h y b r i d  c i r c u i t s  a r e  g e n e r a l l y  
custom des igned  and i n  r e l a t i v e l y  s m a l l  q u a n t i t i e s ,  i t  i s  more 
r e a l i s t i c  t o  q u a l i f y  t h e  p r o c e s s e s  and t h e  s u p p l i e r  r a t h e r  t h a n  
each c i r c u i t  c o n f i g u r a t i o n .  T h e r e f o r e ,  f o r  b o t h  t h i c k  and t h i n  
f i l m  h y b r i d  c i r c u i t s  t h e  f o l l o w i n g  q u a l i f i c a t i o n  program i s  recom- 
mended. 
a. Resistor and Capacitor Chips - Each s p e c i f i c  c h i p  f a m i l y  such 
as ceramic c a p a c i t o r s  o r  f i l m  r e s i s t o r s  must b e  q u a l i f i e d  and 
l i s t e d  in an  approved p a r t s  list. 
b.  Semiconductor Dice - A l l  semiconductors  must b e  s e l e c t e d  from 
a q u a l i f i e d  p a r t s  l i s t  and from a q u a l i f i e d  s o u r c e ,  s u c h  as,  JANTX 
and QPL-19500. The b a s i c  i n t e n t  o f  t h i s  s e l e c t i o n  is t o  p r o v i d e  
d i c e  of proven d e s i g n  and l o n g - l i f e  c a p a b i l i t y .  
c.  Thick or Thin F i l m  iietuork - The q u a l i f i c a t i o n  of t h e  p r o c e s s e s  
and s u p p l i e r  shou ld  c o n s i s t  o f :  1 )  complete  documentation of t h e  
p r o c e s s e s  and m a t e r i a l s  used i n  t h e  c i r c u i t s  t o  b e  s u p p l i e d ,  and 
2) performance o f  q u a l i f i c a t i o n  tests s i m i l a r  t o  t h o s e  s p e c i f i e d  
f o r  m o n o l i t h i c  i n t e g r a t e d  c i r c u i t s  on a " t y p i c a l "  c i r c u i t  conf ig -  
u r a t i o n  of medium complexi ty .  
The c i r c u i t s  s u b j e c t e d  t o  t h e  t e s t i n g  must b e  manufactured w i t h  
t h e  documented p r o c e s s e s  and must i n c l u d e  t h i c k  o r  t h i n  f i l m  
r e s i s t o r s  and semiconductor  c h i p s .  It would a l s o  b e  d e s i r a b l e  
t o  perform t h e  t e s t i n g  on c i r c u i t s  c o n t a i n i n g  r e s i s t o r  and capac- 
i t o r  c h i p s  s o  a s  t o  i n c l u d e  t h e  a t t achment  method i n  t h e  q u a l i f i -  
c a t i o n  test .  Use of a  s t a n d a r d  " q u a l i f i c a t i o n  model" c i r c u i t  ( s e e  
p a r a .  C.2.d.) could  s e r v e  as a  s t a n d a r d  of comparison between sup- 
p l i e r s  a s  w e l l  a s  a v e h i c l e  f o r  q u a l i f i c a t i o n  of s u p p l i e r  and 
p r o c e s s e s .  
I t  shou ld  a l s o  b e  n o t e d  t h a t  due t o  t h e  l a r g e r  s i z e  and mass of 
t h e  h y b r i d  c i r c u i t ,  q u a l i f i c a t i o n  env i ronmenta l  s t r e s s  l e v e l s  may 
have  t o  b e  reduced t o  v a l u e s  lower t h a n  l i m i t s  imposed on mono- 
l i t h i c  c i r c u i t s .  
d.  Accelerated Testing - A s  i n d i c a t e d  i n  l i s t i n g s  of f a i l u r e  
mechanisms, t h e  m a j o r i t y  of f a i l u r e s  a r e  due t o :  a)  i n t e r n a l  
con tamina t ion  caus ing  c o r r o s i o n  o r  m i g r a t i o n ;  b) extreme m i s -  
match i n  the rmal  expansion of j o i n e d  m a t e r i a l s ;  and c )  r e d u c t i o n  
o r  o x i d a t i o n  due t o  t h e  i n t e r n a l  atmosphere.  S i n c e  a l l  t h r e e  
i , i i ! i i i  I % < , L  c g n i a ~  t t 1 1  I i t  ! 9 , i t 1 ~ ~ c r  1t i i1  < 1 I ' t i > ~ ~ t  '11 '; 
[hat h ~ l )  je( ti l t g  ti!< prir L s  LO e L c > \ f , i  t c i  Leinj)t?l d l  12re cdlr, i n  i ,3t:i , 
p r o v i d e  all ctccelcr,it ctl i esl i n c i l ~ o ~ i  i or cleLc?ct icjn o f  irllic.rent 
I r a i l u r e s  , 
The teriiperni u r  e I o r -  ol~Li~?iun, ; ~ c ~ e l i ~ r a i  i ~ r r  \ n l  1 be ciepericient on t h e  
s p e c i f i c  p r o c e s s e s  ciscti i n  iiianuf ' i c  i u r i n g  rhp  t i l - c  u i t s .  Ext reme 
c a u t i o n  mils t b e  obic~rvr~cl  i l l  d e t e r i n i ~ r  ing L i ~ e  test  r cmprra t -ure ,  t o  
e n s u r e  t h a t  new l a i l u v r -  ~n~i~I~,rnjsrn:;  ,ircl not i n t r o t l t ~ t e t l ,  l ' y p i r a l  
exainp 1"s 01 new inec-iraili sii~s t h a t  cdn  be  c,icrsed by t h e  t e s t i n g  ;ire : 
a) d e s  t cu r  I - i v e  : ; t i  cjsst.:; due  t o  tl lcrrnal e x p a l ~ s i o n  beyontl t h a t  
whizil  t11c ~i r c t ~ i  t i~ , i l ) i ' r i I i  i 'd; .ili(l l)) 1 (ISS o I ( l j  C C ,  c L L L ~  o r  s u b -  
s t r , r t e  acltiesion 1 Lon) c ~ ; i r r t . ~ t I i ~ ~ g  e r r  tc ( $ t i t ,  tcii11)c r a t u r e s  o l  t h e  bond- 
i n g  i ~ l ~ ~ ~ e l - i  a1 . 
P r i o r  t o  i n s  t i g a t  ini< ' l c c c l e r a t e d  ~-c:;i-~ng i t  is a b s o l u t e l y  mandatory  
t h d t  s t ep - s  tress t e s t i n g  b e  perrclrmed on c i r c u j  t s  w i t h  i d e n t i c a l .  
p r o c e s s e s  t o  t l e t e r ~ i l r n e  t h e  a c c e p t a b  Le l e v e l s  of  s t r e s s  t h a t  inay 
be  iinposed and t o  i d e n t i t y  t h o s c  f a i l u r e  rnecha~ilsrils i l l t roducec l  
by e x c e e d i n g  t h e  a c r c p  t a b  IP l e v e  is, 
S c r e e n i n g  c o n s i s t s  of  t l i e  e l e c t r i c a l ,  mechan ica l  and  t h e r m a l  s t r e s s e s  
imposed o n  e a c h  c i r c u i t  p r i o r  t o  d e l i v e r y  by  t h e  n l r ~ n u f a c t n r e r .  
These  tests  a r e  d e s i g n e d  t o  a c c e l e r a t e  s p e c i t i c  f a i l u r e  mechanisms 
i n  a n  i n f e r i o r  p a r t  wiLhout  c a u s i n g  d e g r a d a t i o n  i n  a good p a r t ,  o r  
t r i g g e r i n g  new f a i l u r e  mecliai~i s m s  , 
A t y p i c e l l  liigfi c e l i a b i l i t y  s c r e e n i n g  program [o r  h y b r i d s  i s  i d e n -  
t i c a l  t-o t h a t  imposed on  inorzol i t h  i c  i n t e g r a t e d  c i r c u i t s ,  e x c e p t  
t h a t  t h e  maximum s trcss Levels  i l l  m e c h a n i c a l  t c s  t i r l g  a r e  u s u a l 1  y 
lower .  'Che r e d u c t i o n  i n  s t r e s s  l e v e l s  i s  due t o  t h e  g r e a t e r  mass 
of t h e  l a r g e r  package  f o r  t h e  hyb ricl.  T l ~ e  c o n v e n t i o n a l  s e q u e n c e  
of tests  s p e c i f i e d  i n  MLL-STD-883, Method 5004,  a s  shown i n  Fig-  
u re  2 ,  i s  more a p p l i c a b l e  t o  h y b r i d  c i r c u i t s  t h a n  t h e  s e q u e n c e  as 
m o d i f i ~ d  and  d e f i n e d  f o r  m o n o l i t l ~ i c  i n t e g r a t e d  c i r c u i t s  ( C h a p t e r  
11) . Tll is  d i f f e r e n c e  i n  s c r e c i l i n g  is tl:lc- t o  t i l e  f a c t  t h a t  w a f e r  
l e v e l  inslx>t-tion:; (31 i u i t ~ i o i i t i r i i s  i s  i iot  a p y l i c a h l e  t o  h y b r i d s .  
111 t h e  sccltience tlt>fi~ic'ti 111 F ig i~ rc ,  ) ,  it is lrt~co~i~i~rencietl t h a t  Lem- 
pera turc l  c y t  l i n g  tjc t l t i J i ~ t c ~ t 1  i>,~c-,ii~~-i.  l l t ~ r u ~ , l l  shot-ic i s  rllnre e f f e c -  
t i v e ,  
S t a b i l i z a t i o n  Bake 
I Thermal Shock 15 cycles ,  0  t o  100°C 
I Temperature Cycling 10 cyc l e s ,  -65 t o  150°C 
Y 1  and Y2 axes 
I Hermetic S e a l  Leak Rate Gross and Fine 
In t e r im  E l e c t r i c a l  Tes t ing  
I 
I 240 hours ,  125'C ambient I 
I In t e r im  E l e c t r i c a l  Tes t ing  
I Reverse Bias Burn-In 72 hours ,  150°C ambient I 
I F i n a l  E l e c t r i c a l  Measurements I 
/ Radiographic Inspect ion  
I External  Visual Inspect ion  I 
Figure 2 Trad i t i ona l  Screening (MIL-STD-883) 
ilr a j d i t i o n  t o  t h e  screer;i;;g xccjuired ill asselr;bLy, ezcll (sh in  . s.Ar, n l a -  .-A'< 
ment and semiconductor  d i e  must be  sc reened  i n d i v i d u a l l y ,  it is  
recommended t h a t  t h e  c h i p  and d i e  s c r e e n i n g  i n c l u d e  thermal  shock 
and high t empera tu re  s t o r a g e  w i t h  p re -  and p o s t - e l e c t r i c a l  meas- 
urements.  The measurements shou ld  i n c l u d e  a  maximum d r i f t  l i m i t .  
U n t i l  such t i m e  t h a t  beam leaded  p a r t s  a r e  r e a d i l y  a v a i l a b l e  and 
p r o c e s s e s  s t a n d a r d i z e d ,  o p e r a t i n g  burn- in  a t  t h e  c h i p  l e v e l  i s  
n o t  economical ly  f e a s i b l e  . 
Burn-In 
O p e r a t i o n a l  burn- in  of t h e  completed h y b r i d  c i r c u i t  i s  r e q u i r e d  
t o  e n s u r e  t h a t  no p o r t i o n  of t h e  c i r c u i t  w i l l  d r i f t  beyond t h a t  
al lowed by wors t -case  a n a l y s i s .  A s  recommended by MIL-STD-883, 
t h e  burn- in  t i m e  shou ld  b e  240 hours  minimum, i n  an ambient of 
125°C. Recent i n v e s t i g a t i o n s  have determined t h a t  i n t e r n a l  pack- 
age atmosphere may c o n t a i n  s u f f i c i e n t  m o i s t u r e ,  t h a t  can condense 
a t  low tempera tu res ,  t o  cause  c o r r o s i o n .  A s  a  r e s u l t  of t h e  i n -  
v e s t i g a t i o n ,  an  a d d i t i o n a l  low tempera tu re  burn-in was a l s o  r e c -  
ommended, p a r t i c u l a r l y  when aluminum and nichrome f i l s  a r e  i n  
c o n t a c t .  
O p e r a t i o n a l  burn- in  of a l l  c h i p  and d i e  e lements  i s  h i g h l y  d e s i r -  
a b l e ,  b u t  n o t  a b s o l u t e l y  n e c e s s a r y .  The r e l i a b i l i t y  of a d d i t i o n a l  
p r o c e s s e s  r e q u i r e d  t o  p rov ide  o p e r a t i o n a l  c a p a b i l i t y  must b e  con- 
s i d e r e d .  As an  example, u s i n g  LID'S (Lead less  I n v e r t e d  Devices ) :  
a)  t h e  semiconductor  c h i p  is  bonded t o  t h e  c a r r i e r ;  b)  a l l  w i r e s  
a r e  a t t a c h e d  from c h i p  t o  c a r r i e r ;  c) a drop of epoxy o r  s i l i c o n e  
is p laced  on t h e  d i e  f o r  p r o t e c t i o n  i n  h a n d l i n g ,  and d) fo l lowing  
burn- in  and tests, t h e  LID must b e  a t t a c h e d  t o  m u l t i p l e  pads i n  
t h e  c i r c u i t .  MSFC A s t r i o n i c s  Lab h a s  exper ienced  e x c e s s i v e  f a i l -  
u r e s  due t o  bad  w i r e  bonds. I t  was determined t h a t  t h e  c o a t i n g  
of t h e  c h i p  was opaque and d i d  n o t  a l low proper  v i s u a l  i n s p e c t i o n  
of bonds,  which,  i n  t u r n ,  were  s u b s t a n d a r d .  
R e s i s t o r  and c a p a c i t o r  c h i p s  may b e  i n s e r t e d  i n  sp r ing- loaded  
h o l d e r s  f o r  burn- in ,  and removed f o r  a t t achment  t o  t h e  c i r c u i t .  
This  o p e r a t i o n  s h o u l d  n o t  degrade r e l i a b i l i t y  u n l e s s  ; a) p r e s s u r e  
is g r e a t  enough t o  f r a c t u r e  t h e  c h i p ;  b )  contaminat ion i s  i n t r o -  
duced; o r  c )  t h e  c o n t a c t  pads a r e  damaged. 
There fore ,  i t  i s  impera t ive  t h a t  a  u s e r  c o n s i d e r ,  n o t  on ly  t h e  
r e l i a b i l i t y  ga ined  by burn- in ,  b u t  a l s o  t h e  r i s k s  of degrading 
r e l i a b i l i t y  by t h e  manner i n  which burn- in  i s  achieved.  
E, PROCESS CONTROL WQULR!3FBNTS 
A l l  p rocesses  and m a t e r i a l s  used i n  t h e  manufacture of t h i c k  and 
t h i n  f i l m  hybr id  i n t e g r a t e d  c i r c u i t s  can be  considered c r i t i c a l .  
Improper c o n t r o l  of any of t h e  i tems def ined  i n  Tables 5 and 6 
could have de t r imen ta l  e f f e c t s  on t h e  l i f e  of t h e  p a r t ,  
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LV. TRANSISTORS 
A. INTRODUCTION 
This  c h a p t e r  d e a l s  w i t h  t h e  f a i l u r e  mechanisms, q u a l i f i c a t i o n ,  
s c r e e n i n g  and p r o c e s s  c o n t r o l  r equ i rements ,  and a p p l i c a t i o n  guide- 
l i n e s  f o r  t r a n s i s t o r s  i n t e n d e d  f o r  l o n g - l i f e  usage .  The f i r s t  
s e c t i o n  is  a summary of t h e  conc lus ions  and recommendations made 
i n  t h e  r e s t  of t h e  r e p o r t .  S e c t i o n  C d e a l s  w i t h  t h e  f a i l u r e  mech- 
anisms f o r  t r a n s i s t o r s ;  c r i t e r i a  f o r  p a r t  and s u p p l i e r  s e l e c t i o n ;  
a l t e r n a t e  approaches i n  t h e  d e s i g n ,  t e s t  and u s e  of t r a n s i s t o r s ;  
and a p p l i c a t i o n  and d e r a t i n g  g u i d e l i n e s .  S e c t i o n  D d e a l s  w i t h  
e v a l u a t i o n ,  q u a l i f i c a t i o n  and s c r e e n i n g  t e s t i n g  of t r a n s i s t o r s  
aimed a t  e l i m i n a t i n g  d e f e c t i v e  d e v i c e s .  S e c t i o n  E  d e a l s  w i t h  
p r o c e s s e s  and m a t e r i a l s  used i n  t r a n s i s t o r  f a b r i c a t i o n  and needed 
c o n t r o l s .  The l a s t  s e c t i o n  l i s t s  a c c e p t a b l e  t r a n s i s t o r  t y p e s  
and u n a c c e p t a b l e  c o n s t r u c t i o n s  and d e s i g n s .  The t y p e s  of d e v i c e s  
d i s c u s s e d  a r e  b i p o l a r ,  j u n c t i o n  f i e l d  e f f e c t  and MOS t r a n s i s t o r s  
packaged a s  d i s c r e t e  e lements .  
F i g u r e  1 shows a  t y p i c a l  t r a n s i s t o r  c o n s t r u c t i o n  and i l l u s t r a t e s  
t h e  d e f i n i t i o n s  used i n  t h i s  r e p o r t  and i s  i n t e n d e d  t o  a i d  t h o s e  
u n f a m i l i a r  w i t h  terminology.  
GUIDELINES FOR LONG-LIFE ASSURANCE 
S t o r a g e  and s e r v i c e  l i f e  of a p r o p e r l y  assembled,  t e s t e d  and ap- 
p l i e d  t r a n s i s t o r  i s  v i r t u a l l y  u n l i m i t e d .  Predominant i n - s e r v i c e  
f a i l u r e s  a r e  due t o  s u r f a c e  contaminat ion caus ing  p a r a m e t r i c  
d e g r a d a t i o n  and u l t i m a t e  s h o r t i n g ,  p a r t i c u l a t e  contaminat ion r e -  
s u l t i n g  i n  s h o r t s ,  and i n t e r c o n n e c t  w i r e  f a i l u r e  caus ing  opens .  
Use of t h e  s e l e c t i o n ,  s c r e e n i n g ,  a p p l i c a t i o n  and h a n d l i n g  guide- 
l i n e s  i n c l u d e d  h e r e i n  w i l l  enab le  t r a n s i s t o r s  w i t h  a  minimum 
p r o b a b i l i t y  of d e f e c t s  and p r a c t i c a l l y  i n d e f i n i t e  s e r v i c e  l i f e .  
Inti?rcoiirlect Wiles : 
Gold o r  A1 uminuin 
Gas Backfill : 
I n e r t  G a s  
( N 2  o r  We) 
posts  
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Seal  Ring 
Collector o r  
Gate 'Welded t o  
Leader 
Cap o r  Can: 
(Nickel  o r  Chrome 
P l a t e d  Kovar) 
Eutec t ic  Die 
Attachment: 
GoldlSil icon 
Header: Gold 
Plated Kovar 
With Glass Seal  
Around Leads 
External  Leads : 
Gold Plated 
Kovar or Nickel 
P a r t  Assembly 
Ultrasonic Aluminum 
Wire Bond - Gold Wire Base Meta l l iza t ion  B a l l  Bond 
Emitter Me ta l l i za t ion  (Expanded Contact): \ 
(Direct  Contact) : 
Aluminum 
Aluminum 
I 
1 - & -- - 1 
Base 
o l l e c t o r  
- - -  
Oxide: 
r 
Epitaxia 
Layer: 
S i l i con  
S i l i con  Subst ra te  1 
- - - 
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figure 1 T y p i c a l  Transistor Construction 
1) Use s i l i c o n  p l a n a r  d i e  c o n s t r u c t i o n s .  Mesa, grown j u n c t i o n ,  
a l l o y ,  o r  germanium t y p e s  have s e r i o u s  l i f e  l i m i t i n g  prob- 
lems. Mesa c o n s t r u c t i o n s ,  however, a r e  n e c e s s a r y  i n  l a r g e  
power, h i g h  v o l t a g e  d e v i c e s .  
2)  Use d i e  w i t h  t h e r m a l l y  grown o x i d e s  s i n c e  s i l i c o n e s  and 
v a r n i s h e s  i n t r o d u c e  u n d e s i r a b l e  s u r f a c e  contaminants .  
3) P h o s p h o s i l i c a t e  g l a s s  p a s s i v a t i o n  over  the rmal  o x i d e s  and 
m e t a l l i z a t i o n  i s  recommended t o  g e t t e r  s u r f a c e  contaminants  
and p r o t e c t  m e t a l l i z a t i o n .  
4)  Aluminum m e t a l l i z a t i o n s  shou ld  be  a t  l e a s t  10,000 t h i c k  t o  
avo id  t h i n n i n g  o v e r  o x i d e  s t e p s  and b e  of s u f f i c i e n t  c r o s s -  
s e c t i o n a l  a r e a  t o  l i m i t  c u r r e n t  d e n s i t y  t o  5  x  l o 4  amps p e r  
s q u a r e  c e n t i m e t e r  t o  reduce  e f f e c t  of e l e c t r o m i g r a t i o n  ( p r i -  
m a r i l y  f o r  d e v i c e s  w i t h  expanded c o n t a c t s ) .  
5 )  Do n o t  u s e  polymer o r  g l a s s  f r i t  d i e  a t t achments  s i n c e  they  
do n o t  a f f o r d  t h e  the rmal  c o n d u c t i v i t y  o r  mechanical  s t r e n g t h  
of e u t e c t i c  d i e  a t t achment .  ( S o f t  s o l d e r s  f o r  some power de- 
v i c e s  i s  unavoidab le ,  b u t  n o t  p r e f e r r e d . )  
6)  For  l a r g e  d i e ,  t e m p e r a t u r e  compensation p h a s e s ,  such  a s  molyb- 
denum t a b s  o r  ceramic  w a f e r s ,  shou ld  b e  employed t o  p r e v e n t  
d i e  c r a c k i n g  under the rmal  s t r e s s .  
7) Where t h e  d i e  i s  d i e l e c t r i c a l l y  i s o l a t e d  from t h e  c a s e ,  b o t h  
d i e  and i s o l a t o r  must b e  e u t e c t i c a l l y  mounted t o  a f f o r d  mini- 
mum thermal  impedance and maximum s t r e n g t h .  
8) Monometall ic i n t e r c o n n e c t  sys tems a r e  p r e f e r r e d  t o  e l i m i n a t e  
i n t e r m e t a l l i c  r e l a t e d  bond f a i l u r e s .  Gold-gold is t h e  most 
p r e f e r r e d ,  b u t  l e a s t  a v a i l a b l e .  A1-A1 i s  a c c e p t a b l e  o n l y  
when t h e  w i r e  i s  u l t r a s o n i c a l l y  bonded and 7  t o  1 0  w i r e  diam- 
e t e r s  s l a c k  i s  l e f t  between p o s t  and d i e .  Gold-aluminum i s  
a c c e p t a b l e  o n l y  from s u p p l i e r s  who have demonstra ted c o n s i s -  
t e n t  s u c c e s s  w i t h  t h i s  t y p e  of i n t e r c o n n e c t i o n .  
9)  H e r m e t i c a l l y  s e a l e d  packages ( lo-*  ATM/cc/sec) must b e  used 
f o r  e n c a p s u l a t i o n  of t h e  d i e  s i n c e  e p o x i e s ,  p l a s t i c s ,  and 
o t h e r  e n c a p s u l a n t s  do n o t  a f  f o r d  a d e q u a t e  m o i s t u r e  p r o t e c t i o n ,  
10) Dl-y i r i e ~ t  k < ~ t  li f i l 1 g:is w i t h  i i i  i ht> jr ,rc*kaigc r,itiC,i b~ p r  e s c n t  
t o  prevene intc?r  3 c t r o r 1  o f  the ?as a m i ~ l e n t  w i t h  the d i e  rnate- 
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11)  I n e r t  n o n - r e a c t i v e  m a t e r i a l s  must b e  used  f o r  package  and 
l e a d  m a t e r i a l s  and p l a t i n g s  t o  p r e c l u d e  package  d e g r a d a t i o n  
due  t o  c o r r o s i o n  o r  c o n t a m i n a t i o n  and must p r o v i d e  s u f f i c i e n t  
m e c h a n i c a l  s t r e n g t h  t o  w i t h s t a n d  h a n d l i n g ,  s h i p p i n g  and i n -  
s t a l l a t i o n  env i ronmen t s .  
2 .  P r o c e s s  C o n t r o l  G u i d e l i n e s  
I )  P r o c e s s  c o n t r o l s  used  by m a n u r a c t u r e r s  a r e  u s u a l l y  i m p l i e d  
by t h e  s e v e r i t y  o f  s c r e e n i n g  and q u a l i f  ica l - . ion  t e s t s  r e q u i r e d .  
C o n t r o l s  implemented w i l l  u s u a l l y  b e  s u f f i c i e n t  t o  a f f o r d  
r e a s o n a b l y  h i g h  s c r e e n i n g  y i e l d s ;  ( i . e . ,  20-50% of i n i t i a l  
l o t  w i l l  s u r v i v e  s c r e e n i n g  t e s t s ) .  
2) D i l i g e n c e  o f  t h e  p a r t  m a n u f a c t u r e r  i n  c o n t r o l l i n g  c l e a n l i n e s s ,  
a s s e m b l y ,  i n s p e c t i o n  and h a n d l i n g  o f  t h e  p a r t s  can  b e s t  be  
m o n i t o r e d  by t h e  u s e r  t h rough  100% pre -cap  v i s u a l ,  s o u r c e  
i n s p e c t i o n ,  l o t  a c c e p t a n c e  t e s t i n g ,  and f i n g e r p r i n t i n g  (con- 
s t r u c t i o n  a n a l y s i s )  . 
3. - T e s t  G u i d e l i n e s  
1 )  A 100% n o n - d e s t r u c t i v e  i n t e r c o n n e c t  wire p u l l  i s  recommended 
t o  e l i m i n a t e  d e f e c t i v e  w i r e  bonds .  Sound bonds w i l l  n o t  be  
d e g r a d e d .  
2) A r i g o r o u s  p re -cap  v i s u a l  i n s p e c t i o n  o f  t h e  d i e  and h e a d e r  
a s sembly  i s  e s s e n t i a l  t o  e l i m i n a t e  common assembly  d e f e c t s .  
P e r f o r m  d i e  i n s p e c t i o n  ( p r e f e r a b l y  a t  t h e  w a f e r  o r  d i e  l e v e l )  
t o  e l i m i n a t e  d e f e c t i v e  d i e .  
3) S c r e e n i n g  t e s t s  on 100% of t h e  p a r t s ,  which i n c l u d e  b u r n - i n ,  
HTRB, t h e r m a l  c y c l i n g ,  m e c h a n i c a l  s h o c k ,  h e r m e t i c i t y ,  and 
p a r a m e t r i c  t e s t s  a r e  e s s e n t i a l  t o  e l i m i n a t e  d e f e c t i v e  p a r t s ,  
4)  Q u a l i f i c a t i o n  tests  a r e  per formed once  on a group of c a n d i -  
d a t e  p a r t s .  These  tests  a r e  a r r a n g e d  i n  a  manner aimed a t  
s p e c i f i c  f a i l u r e  mechanisms. The q u a l i f i c a t i o n  a l s o  i n c l u d e s  
c h a r a c t e r i z a t i o n  and f i n g e r p r i n t i n g  of  t h e  d e v i c e  t o  e s t a b l i s h  
a b a s e l i n e  f o r  v a l i d i t y  of  t h e  q u a l i f i c a t i o n  f o r  l u t u r e  p ro -  
c u r e m e n t s .  The f i n g e r p r i n t  i s  pprformcd on e a c h  s u c c e s s i v e  
l o t  t o  d e t e r m i n e  c o n d i t i o n s  which c o u l d  i n v a l i d a t e  q u a l i f i c a -  
t i o n .  P a r t  i y p e  r m ~ ~ a i n s  c j t l a l i f i ed  as l o n g  a s  s c r e e n i n g  r e -  
s u l t s ,  a c c e p t a n c e  t e s t  r e s u l t s ,  and p a r t  per formance  a r e  
acceptable. 
4. Application Guidelines 
1 )  The p a r t  must b e  p r o p e r l y  s p e c i f i e d  e l e c t r i c a l l y  and mechani- 
c a l l y .  The p a r t  must b e  c a p a b l e  of nleeting t h e  needs  of t h e  
c i r c u i t  w i t h o u t  exceed ing  i t s  a b i l i t i e s .  Otherwise  s e r i o u s  
o v e r s t r e s s  of sound p a r t s  cou ld  r e s u l t .  
2 )  Maximum v o l t a g e  and c u r r e n t  r a t i n g s  shou ld  b e  d e r a t e d  t o  75% 
of r a t i n g  t o  p r o v i d e  s a f e  o p e r a t i n g  margins i n  t h e  a p p l i c a t i o n .  
3) J u n c t i o n  t e m p e r a t u r e  shou ld  b e  m a i n t a i n e d  below llO°C f o r  a l l  
s i l i c o n  d e v i c e s  t o  r educe  e f f e c t s  of  t h e r m a l  s t r e s s e s  and re- 
l a t e d  m e t a l l u r g i c a l  changes w i t h i n  t h e  p a r t .  
4) T imel tempera tu re  dependence of p a r t  pa ramete r s  shou ld  b e  de- 
t e rmined  and a p p r o p r i a t e  c i r c u i t  d e r a t i n g  a p p l i e d  t o  accommo- 
d a t e  end of  l i f e  d r i f t  of performance p a r a m e t e r s ;  ( e . g . ,  g a i n ,  
s w i t c h i n g  s p e e d ,  e t c ) .  
5) Mechanical  i n s t a l l a t i o n  o f  t h e  p a r t  must p r o v i d e  adequa te  
t h e r m a l  t r a n s f e r  and p r e c l u d e  s e v e r e  mechan ica l  s t r e s s e s .  
6 )  Low l e a k a g e  d e v i c e s  shou ld  b e  p r o t e c t e d  from h i g h  v o l t a g e ,  
low e n e r g y  t r a n s i e n t s ,  s u c h  as e l e c t r o s t a t i c  d i s c h a r g e s  t o  
p r e c l u d e  j u n c t i o n  d e g r a d a t i o n .  
S p e c i a l  C o n s i d e r a t i o n s  
1 )  P a r t  t y p e s  s e l e c t e d  s h o u l d  b e  f a b r i c a t e d  u s i n g  m a t e r i a l / p r o c e s s  
combinat ions  t h a t  a r e  unders tood  and whose f a i l u r e  mechanisms 
a r e  known. Sc reen ing  can o n l y  be  e f f e c t i v e  when i t  i s  aimed 
a t  known f a i l u r e  mechanisms. 
2)  P a r t  t y p e s  w i t h  e s t a b l i s h e d  r e l i a b i l i t y  a f f o r d  h i g h  c o n f i d e n c e  
w i t h  minimum q u a l i f i c a t i o n  and e v a l u a t i o n  e f f o r t ;  however, 
o b s o l e s c e n c e  and d e s i g n  u t i l i t y  a r e  key f a c t o r s  i n  p a r t  s e -  
l e c t i o n .  Types w i t h  l i m i t e d  h i s t o r y  must b e  thorough ly  e v a l -  
u a t e d  f o r  p o t e n t i a l  r e l i a b i l i t y  problems.  
3) P a r t s  shou ld  b e  s e l e c t e d  which a r e  a v a i l a b l e  from s e v e r a l  
s o u r c e s  t o  avo id  procurement problems i f  one s u p p l i e r  d i scon-  
t i n u e s  p r o d u c t i o n  o r  h a s  d i f f i c u l t y  w i t h  p r o d u c t i o n .  
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41 S o ~ ~ r c e s  s e l e c t e d  shou ld  have a  s t a b l e  l a b o r ,  f a c i l i t i e s ,  and 
management si iua l - ion ,  The p a r t  s e l e c t e d  shoul d be  i n  reasonab ly  
cont inuous  p r o d u c t i o n  and be f i x e d  i n  d e s i g n  and c h a r a c t e r -  
i s t i c s .  L a r g e r  volume manufac tu re r s ,  a l t h o u g h  somewhat more 
independen t ,  a f f o r d  more l o t  t o  l o t  homogeneity t h a n  t h e i r  
s m a l l e r  c o m p e t i t o r s .  
5) Lot t r a c e a b i l i t y  back t o  pre-cap v i s u a l  i n s p e c t i o n  i s  d e s i r a b l e  
t o  i d e n t i f y  p o t e n t i a l  l o t  problems i f  i n - s e r v i c e  f a i l u r e s  a r e  
encounte red .  
LIFE LIMITING PROBLEMS AND SOLUTIONS 
F a i l u r e  Mechanism A n a l y s i s  
-- 
There  a r e  f i v e  f a i l u r e s  modes f o r  t r a n s i s t o r s :  s h o r t s ,  opens ,  
i n t e r m i t t e n t  o p e r a t i o n ,  p a r a m e t r i c  d e g r a d a t i o n ,  and e x t e r n a l  
mechanical  d e g r a d a t i o n .  Tab les  1 through 4 d e s c r i b e  t h e  f a i l u r e  
mechanisms f o r  t h e  above f a i l u r e  modes, t h e  methods of d e t e c t i n g  
t h e  f a i l u r e  c a u s i n g  d e f e c t  b e f o r e  t h e  p a r t s  a r e  accep ted  by t h e  
u s e r ,  and t h e  method f o r  reduc ing  t h e  p r o b a b i l i t y  o f  o b t a i n i n g  
a  p a r t  w i t h  such  d e f e c t s  o r  caus ing  d e f e c t s  i n  good p a r t s .  I t  
shou ld  be  p o i n t e d  o u t ,  however, t h a t  a v e r y  s m a l l  p e r c e n t a g e  o f  
p a r t s  w i l l .  &:de d e t e c t i o n  and i n - s e r v i c e  f a i l u r e s  w i l l  be  en- 
countered even w i t h  t h e  most r i g o r o u s  s c r e e n i n g  and p r o c e s s  con- 
t r o l  methods. , 
a. Parameter Degradation - The most common and most c o s t l y  t o  
d e t e c t  f a i l u r e  mode i n  t r a n s i s t o r s  i s  d e g r a d a t i o n  of p a r t  e l e c -  
t r i c a l  c h a r a c t e r i s t i c s .  T h i s  f a i l u r e  mode, w h i l e  u s u a l l y  n o t  
c a t a s t r o p h i c  t o  u s i n g  hardware ,  can s e r i o u s l y  degrade  hardware 
performance i f  s u f f i c i e n t  d e s i g n  margin i s  n o t  a l lowed and i s  
u s u a l l y  i n d i c a t i v e  of a p a r t  whose l i f e  i s  s e v e r e l y  s h o r t e n e d .  
The mechanisms c o n t r i b u t i n g  t o  parameter  d e g r a d a t i o n  a r e  shown 
i n  Table  1. 
Contamination Mechanisms - Contamination and c o r r o s i o n  a r e  t h e  
most p r e v a l e n t  causes  of pa ramete r  d e g r a d a t i o n  and can be  c a t e -  
g o r i z e d  by t h e  p rocess  i n  which t h e y  a r e  i n t r o d u c e d :  d i f f u s i o n ,  
ox ide  growth,  washes,  and gas ambient s e a l e d  i n  t h e  can.  Con- 
t amina ted  doping m a t e r i a l s  and ambient atmospheres d u r i n g  t h e  
d i l f u s i o n  p r o c e s s e s  r e s u l t  i n  wafe rs  w i t h  a  low y i e l d  of accep t -  
a b l e  t r a n s i s t o r  d i e ,  u s u a l l y  a s  a  r e s u l t  of improper r e s i s t i v i t i e s  
o r  channel  forming i o n s  a t  t h e  Si-Si02 i n t e r f a c e .  Bad d i c e  a r e  
normal ly  removed by t h e  manufacturer  through e l e c t r i c a l  t e s t .  
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During d i f f u s i o n  and ox ide  growth,  a-Lkali (Nai-, Ca+C, e t c )  i o n s  
o f t e n  a r e  p r e s e n t  i n  t h e  d i f f u s i o n  ambient .  These normal ly  come 
from t h e  w a l l s  of t h e  t u b e ,  oven r e f r a c t o r i e s  and t h e  d i f f u s i o n  
gas  sys tems .  These i o n s  can a l s o  come from h a n d l i n g  of t h e  w a f e r s  
and s t o r a g e  i n  u n c o n t r o l l e d  environments .  A l k a l i  i o n s  i n  and on 
S i 0 2  l a y e r s  produce i n v e r s i o n s  and channe l s  a c r o s s  j u n c t i o n s  
(Refe rence  1, 2 ,  and 3 ) .  (Note: A l l  p a r t  manufac tu re r s  p o l l e d  
i n d i c a t e d  no s i g n i f i c a n t  problem i n  t h i s  a r e a  and t h a t  s c r e e n i n g  
normal ly  removes most d e f e c t i v e  p a r t s  .) 
Contaminated washing s o l u t i o n s  and improper washing sequences  
c o n t r i b u t e  g r e a t l y  t o  p a r t  f a i l u r e  due t o  t h e  i o n s  they i n t r o d u c e  
on t h e  d i e  and header  s u r f a c e  and between l a y e r s  on t h e  d i e .  
Degreasers  such  a s  T r i c h l o r e t h y l e n e  (TCE) and e t c h e s  such  a s  
h y d r o f l u o r i c  a c i d  (HF) i n t r o d u c e  n e g a t i v e  i o n s  (Cl- and F-) which 
can c o n t r i b u t e  s i g n i f i c a n t l y  t o  p a r t  l e a k a g e  (Reference 4 )  and 
sometimes e t c h  A 1  c o n t a c t s  (References  5 and 6 ) .  Contaminates 
i n ,  and c o n s t i t u e n t s  o f ,  washing and e t c h i n g  s o l u t i o n s ,  such a s  
de ion ized  w a t e r ,  i s o p r o p y l  a l c o h o l ,  NaOH, HCL, and HN03 can a l s o  
i n t r o d u c e  i o n i c  con tamina t ion  o r  c o r r o s i v e  e lements  which can 
cause  dev ices  t o  f a i l .  
The l a s t  o f  t h e  con tamina t ing  media is  t h e  gas  ambient s u r r o u n d i n g  
t h e  d i e .  H e r m e t i c a l l y  s e a l e d  t r a n s i s t o r  packages a r e  s t r o n g l y  
recommended due t o  t h e  degrad ing  e f f e c t s  of o r g a n i c  s o l v e n t s ,  
c a t a l y s t s ,  and hydrocarbons  used  i n  p l a s t i c  e n c a p s u l a t i o n .  I n  
a d d i t i o n ,  w a t e r  vapor ,  f r e e  oxygen, and hydrogen can b e  degrad ing  
a l s o .  The e f f e c t s  of H 2 0  a r e  most s i g n i f i c a n t  i n  p a r t s  which 
have a l k a l i  i o n s  i n  o r  on t h e  d i e  (References  2 and 3 ) .  H20 t e n d s  
t o  a c t i v a t e  c o r r o s i v e  i o n s  such as C 1  and a l s o  forms conduc t ive  
f i l m s  wi th  i o n i c  contaminants  c a u s i n g  l e a k a g e  p a t h s  (References  
5 and 7 ) .  While i t  appears  t o  slow down t h e  growth o f  i n t e r m e t a l l i c  
compounds i n  w i r e  bonds (Refe rence  8 ) ,  oxygen t e n d s  t o  c o n t r i b u t e  
t o  growth of r e s i s t i v e  c o n t a c t s  on incomple te  c o n t a c t  windows and 
i n c r e a s e s  s h e e t  r e s i s t i v i t y  of A 1  f i l m s  due t o  o x i d a t i o n  (Refe rence  
9) .  
Contamination Detection Methods - Eleva ted  t e m p e r a t u r e  bake-out 
f o r  s e v e r a l  hours  i n  an i n e r t  atmosphere p r i o r  t o  capping i s  neces-  
s a r y  t o  d r i v e  o f f  s u r f a c e  contaminants .  High t empera tu re  s t o r a g e  
of s e a l e d  p a r t s  i s  e f f e c t i v e  i n  s t i m u l a t i n g  t h e  e f f e c t s  of gas 
ambient and s u r f a c e  contaminants .  The most e f f e c t i v e  method of 
d e t e c t i n g  s u r f a c e  con tamina t ion  i s  through HTRB. The t empera tu re  
s u f f i c i e n t  t o  a c t i v a t e  t h e  contaminat ing i o n  i s  u s u a l l y  150-175°C. 
Reverse  b i a s  of bo th  j u n c t i o n s  t o  a c h i e v e  1 0 ~ ~ / c m  f i e l d  s t r e n g t h s  
i s  d e s i r e d  (Refe rence  3) t o  move t h e  i o n s  t o  l o c a l i z e d  a r e a s  s o  
t h e y  can be  d e t e c t e d  on pos t  HTRB leakage  measurements. Higher 
t empera tu res  permit  s h o r t e r  t e s t  t i m e s ,  b u t  shou ld  be  c a r e f u l l y  
cons idered  t o  avoid  s t a r t i n g  o t h e r  t ime  dependent mechanisms, 
such  a s  "plague." Burn-in a t  r a t e d  j u n c t i o n  t empera tu re  w i l l  
a g g r a v a t e  t h e  e f f e c t s  of b u l k  con taminan ts ,  a s  w e l l  a s  c o r r o s i v e  
contaminants .  Large i n c r e a s e s  i n  l eakage  o r  d e g r a d a t i o n  of g a i n  
w i l l  i d e n t i f y  dev ices  which a r e  contaminated.  
Contamination Minimization - Use of p h o s p h o s i l i c a t e  g l a s s e s  o r  
s i l i c o n  n i t r i d e  p a s s i v a t i o n s  h a s  been shown t o  be  e f f e c t i v e  i n  
g e t t e r i n g  a l k a l i s ,  the reby  reduc ing  t h e i r  e f f e c t s  (References  
3 ,  1 0 ,  11, and 1 2 ) .  
The b e s t  way t o  avoid s u r f a c e  i o n s  due t o  washing and e t c h i n g ,  
is  a  f r e q u e n t  change of wash and e t c h  s o l u t i o n s  and a  p roper  
etch/wash sequence t o  remove "hard t o  c l e a n t t  i o n s .  Deionized wate r  
i n  an u l t r a s o n i c  wash i s  an  e x c e l l e n t  c o l l e c t o r  of i o n i c  contamina- 
t i o n  and i s  recommended as t h e  l a s t  s t e p  i n  any washing procedure .  
Also ,  t h e  l e a s t  number of s t e p s  r e q u i r e d  t o  manufacture  t h e  p a r t  
a f f o r d  a  lower p r o b a b i l i t y  of i n t r o d u c i n g  contaminants .  P u r e ,  
d ry  N2, He, o r  o t h e r  i n e r t  gas b a c k f i l l  and a  h e r m e t i c  s e a l ,  a r e  
necessa ry  t o  p rov ide  a  s t a b l e  p a r t .  S p e c t r o g r a p h i c  a n a l y s i s  of 
gas b a c k f i l l  on a  sample b a s i s  of t h e  l o t  of p a r t s  i s  adv ised  t o  
d i s c o v e r  p o t e n t i a l  l o t  problems. 
Bulk and Oxide Defect Mechanisms - The nex t  c l a s s  of d e f e c t s  
caus ing  parameter  d e g r a d a t i o n  is  somewhat r e l a t e d  t o  contamina- 
t i o n  e x i s t i n g  i n  t h e  p a r t .  Contami.nation t o  some d e g r e e  i s  i n -  
e v i t a b l e  s o  t h e  more p e r f e c t  t h e  b u l k  and o x i d e s ,  t h e  l e s s e r  t h e  
e f f e c t  o f  contaminants .  Die  f a u l t s  and d i s l o c a t i o n s  a c t  a s  l o c a l -  
i z a t i o n  zones f o r  mobi l ized contaminants d u r i n g  o p e r a t i o n ,  r e -  
s u l t i n g  i n  breakdown, l e a k a g e ,  and g a i n  f a i l u r e s  (References  1 3 ,  
1 4 ,  and 1 5 ) .  The d i s l o c a t i o n  d e n s i t y  i n  t h e  s t a r t i n g  m a t e r i a l  
does  n o t  a f f e c t  y i e l d  a s  much a s  t h e  d e n s i t y  of t h o s e  i n t r o d u c e d  
d u r i n g  p r o c e s s i n g  (Reference 1 3 ) .  The i o n s  can be  t h e  dopant 
m a t e r i a l  o r  con tamina t ing  i o n s ,  and t h e  d i s l o c a t i o n  must be  n e a r  
o r  i n  a  j u n c t i o n ,  and must c o l l e c t  i o n s  t o  cause  f a i l u r e  (Refer-  
ence 1 3 ) .  
Another phenomenon, e s p e c i a l l y  i n  l a r g e  a r e a  d i e ,  is  i n c l u s i o n s  
of p o l y c r y s t a l l i n e  S i  d u r i n g  t h e  e p i t a x i a l  growth,  due t o  par- 
t i c u l a t e  contaminat ion on t h e  prepared s i l i c o n  s u b s t r a t e  s u r f a c e ,  
which p ropaga te  through t h e  c o l l e c t o r  b a s e  j u n c t i o n  r e s u l t i n g  i n  
low breakdown v o l t a g e s  and high l eakage  c u r r e n t s  (Reference 1 5 ) .  
I)elec"c ve oxides ( p i n  inoles , crncl:s, in~:-,il"gi.~- ' 0%: E d;. c :s , Eli rl 
s p o t s )  will c o n t r ~ b u t e  t o  several mechanisms. I n  b i p o l a r  t r a n s i s -  
t o r s ,  mobi le  i o n s  can m i g r a t e  through d i s c o n t i n u o u s  ox ide  t o  t h e  
Si-Si02 i n t e r f a c e  d e p l e t i n g  t h e  b a s e  t h u s  degrad ing  g a i n  (Reference 
1 6 ) .  I n  FETS and b i p o l a r s  t h e  d i s c o n t i n u i t i e s  p rov ide  l e a k a g e  
p a t h s  from m e t a l  connec t ions  t o  a c t i v e  a r e a s .  
Other  b u l k  d e f e c t s  which a f f e c t  t r a n s i s t o r  o p e r a t i o n  ( e s p e c i a l l y  
i n t e r d i g i t a t e d  power types )  a r e  misal ignment  o f  b a s e  and e m i t t e r  
d i f f u s i o n s ,  o r  g r a d i e n t s  i n  d i f f u s i o n  r a t e  of t h e  b a s e  and e m i t t e r  
d i f f u s i o n s  l e a d i n g  t o  i r r e g u l a r  b a s e  w i d t h s  and v a r i a t i o n s  i n  
e m i t t e r  r e s i s t i v i t y .  These phenomenon l e a d  t o  l o c a l i z e d  secondary 
breakdown due t o  h o t  s p o t  f o r m a t i o n  (Reference 17) and punch-through 
under r e v e r s e  b i a s .  Die c r a c k s  which p r o p a g a t e  i n t o  d i f f u s e d  a r e a s  
reduce breakdown v o l t a g e  and i n c r e a s e  l eakage  c u r r e n t  and w i l l  
u l t i m a t e l y  produce s h o r t e d  j u n c t i o n s .  
Bulk  and Oxide Defect Detection Methods - The m a j o r i t y  of defec-  
t i v e  d i e  f a b r i c a t e d  a r e  u s u a l l y  removed by t h e  manufac tu re r  p r i o r  
t o  p a r t  assembly through wafe r  l e v e l  e l e c t r i c a l  t e s t s ,  V i s u a l  d i e  
i n s p e c t i o n  w i l l  a l s o  e l i m i n a t e  d i e  w i t h  g r o s s  d e f e c t s .  
Thermal shock  o r  power c y c l i n g  w i l l  a g g r a v a t e  d i e  c racks .  HTRB 
and power burn- in  a t  r a t e d  j u n c t i o n  t e m p e r a t u r e  w i t h  d e l t a  r e j e c t  
c r i t e r i a  on g a i n ,  and l eakage  measurements,  w i l l  d e t e c t  t h e  m a j o r i t y  
of p a r t s  w i t h  t ime  dependent f a i l u r e s  due t o  o x i d e  and b u l k  d e f e c t s .  
Bulk and Oxide Defect Minimization - Discovery of most b u l k  de- 
f e c t s  d u r i n g  d i e  f a b r i c a t i o n  i s  expens ive  and t e d i o u s  u s u a l l y  
i n v o l v i n g  h i g h  m a g n i f i c a t i o n  microscopy. Bulk d e f e c t s  seem t o  
be  t o l e r a b l e  t o  t h e  i n d u s t r y  p rov ided  y i e l d s  a r e  h i g h  enough. 
However, s i n c e  t r a n s i s t o r  d i e  w i t h  some b u l k  d e f e c t s  a r e  unavoid- 
a b l e  a t  t h e  p r e s e n t  s t a t e  o f  semiconductor  p r o c e s s i n g  t echnology ,  
they  pose  a l i f e  l i m i t i n g  f a i l u r e  mecahnism f o r  a  s m a l l  p o p u l a t i o n  
of p a r t s .  
C l e a n l i n e s s  and h igh  t empera tu re  growth u s u a l l y  y i e l d  a  ve ry  
good grade  of ox ide  (Reference 3 ) .  Sample SEM i n s p e c t i o n  of 
wafe rs  t o  d e t e c t  ox ide  d e f e c t s  i s  f r e q u e n t l y  performed on i n t e -  
g r a t e d  c i r c u i t s ,  b u t  few t r a n s i s t o r  manufac tu re r s  have such a  
c a p a b i l i t y .  
Die A t t a c h  F1echanisms - One of t h e  most c r i t i c a l  pa ramete rs  t o  a  
power d e v i c e  and many s m a l l  s i g n a l  t r a n s i s t o r s  i s  n o t  e l e c t r i c a l  
b u t  the rmal .  Thermal impedance, j u n c t i o n  t o  c a s e  0 , a f f e c t s  
j c 
a lmost  a l l  o t h e r  p a r a m e t e r s ,  s i n c e  most pa ramete rs  a r e  dependent 
upon j u n c t i o n  t empera tu re .  I f  t o o  h i g h ,  c a t a s t r o p h i c  p a r t  f a i l u r e  
r e s u l t s .  The pr imary i n t e r f a c e s  a f f e c t i n g  0 .  a r e  t h e  s i l i c o n  t o  
3 c  
e u t e c t i c ,  e u t e c t i c  t o  header  ( o r  i n s u l a t o r ) ,  and h e a d e r  ( o r  in -  
s u l a t o r )  t o  s t u d .  The most common d e f e c t  a f f  e c t i n g  0 i s  void-  
j c  
i n g  of t h e  e u t e c t i c  under t h e  d i e  l e a d i n g  t o  h o t  s p o t s  on t h e  
d i e  and l o c a l i z e d  ava lanche .  
Voids can be  caused by o x i d i z e d  o r  contaminated S i  on t h e  back 
of t h e  d i e  p r e c l u d i n g  t h e  fo rmat ion  o f  a  good e u t e c t i c  phase ,  
i n t e r m e d i a t e  phases  formed i n  t h e  e u t e c t i c  d i e  from d i f f u s i o n  o r  
m i g r a t i o n ,  i n a d e q u a t e  gold-Si preforms o r  p l a t i n g s ,  and poor d i e  
a t t a c h  p rocedure  r e s u l t i n g  i n  fo rmat ion  o f  u n d e s i r a b l e  i n t e r -  
m e t a l l i c s  (Reference 1 8 ) .  
Die Attach Defect Detection Methods - X-ray of t h e  h e a d e r ,  p r i o r  
t o  capping,  w i t h  X-ray a x i s  through t h e  d i e  s u r f a c e  could  b e  used 
t o  d e t e c t  v o i d s .  Pre-cap v i s u a l  i n s p e c t i o n s  w i l l  d e t e c t  v o i d s  
around t h e  edges  of d i e ,  b u t  n o t  under t h e  d i e .  Power a g i n g  a t  
maximum j u n c t i o n  t empera tu re  and h i g h  t empera tu re  r e v e r s e  v o l t a g e  
tests w i l l  d e t e c t  some of  t h e s e  f a i l u r e s .  A n o n - d e s t r u c t i v e  
secondary breakdown t e s t  ( i n c r e a s i n g  v o l t a g e  t o  an  a c c e p t a b l e  
t h r e s h o l d  a t  e l e v a t e d  t empera tu re )  would e l i m i n a t e  many p a r t s  
w i t h  h o t  s p o t  l o c a t i o n s  on t h e  d i e  c o n t r i b u t i n g  t o  p remature  
secondary breakdown. S e v e r a l  s u p p l i e r s  employ measurement of 
VBE (SAT) under  h i g h  ( t w i c e  r a t e d )  c u r r e n t  p u l s e  c o n d i t i o n s  t o  
i d e n t i f y  p a r t s  w i t h  marg ina l  the rmal  c o n d u c t i v i t y .  
Die Attach Defect Minimization - Clean,  unox id ized  s u r f a c e s  and 
p roper  t ime- temperature  c o n t r o l s  f o r  t h e  a t t a c h i n g  m a t e r i a l s  
used a r e  t h e  o n l y  e f f e c t i v e  means f o r  a c h i e v i n g  p roper  d i e  a t t a c h -  
ment. Gold-s i l i con  e u t e c t i c  m a t e r i a l s  a f f o r d  t h e  most r e l i a b l e  
d i e  a t t a c h m e n t s .  Some manufac tu re r s  u s e  low m e l t i n g  p o i n t  ( s o f t )  
s o l d e r s .  These a r e  o f t e n  u n a c c e p t a b l e  due t o  i n t e r a c t i o n  w i t h  
o t h e r  p a r t  m a t e r i a l s  and i n s t a b i l i t i e s  w i t h  t empera tu re  and a g i n g ,  
P a r t s  w i t h  s o f t  s o l d e r  d i e  a t t achments  shou ld  b e  c a r e f u l l y  eva l -  
u a t e d  p r i o r  t o  use  i n  l o n g - l i f e  a p p l i c a t i o n s .  Epoxies a r e  n o t  
a c c e p t a b l e .  
Interconnect Mechanisms - The l a s t  c a t e g o r y  of parameter  degrada- 
t i o n  due t o  b u i l t - i n  d e f e c t s  is i n t e r c o n n e c t  f l aws .  I n t e r c o n n e c t  
w i r e  d e g r a d a t i o n  w i l l  b e  d i s c u s s e d  la ter  i n  t h e  s e c t i o n  d e a l i n g  
w i t h  opens ,  b u t  t h e i r  i n i t i a l  e f f e c t  is  an  i n c r e a s e  i n  c o n t a c t  
r e s i s t a n c e  which i n c r e a s e s  low c u r r e n t  v o l t a g e  drop i n  t h e  fo rward  
d i r e c t i o n .  Another phenomenon which i n c r e a s e s  c o n t a c t  r e s i s t a n c e  
i s  t h e  growth o f  S i 0 2  i n  t h e  c o n t a c t  window u s u a l l y  a s  a  r e s u l t  
of incomple te  e t c h i n g  o f  t h e  S i 0 2  i n  t h e  window. 
Interconnect Defect Detection Methods - High tempera tu re  s t o r a g e  
w i l l  a g g r a v a t e  b o t h  phenomenon. Low c u r r e n t  forward v o l t a g e  d rop  
measurements,  e s p e c i a l l y  e m i t t e r  t o  b a s e ,  w i l l  u s u a l l y  d e t e c t  
p a r t s  w i t h  r e s i s t i v e  c o n t a c t s .  
Excess Voltage, Current, and Power Mechanisms - The last  c a t e g o r y  
of parameter  d e g r a d a t i o n  d e a l s  w i t h  what happens t o  s t r u c t u r a l l y  
and e l e c t r i c a l l y  sound p a r t s  due t o  e x c e s s  power, v o l t a g e  and 
c u r r e n t  c o n d i t i o n s .  While most overpower and c u r r e n t  c o n d i t i o n s  
r e s u l t  i n  s h o r t s  o r  opens ,  moderate e x c e s s  power o r  c u r r e n t  con- 
d i t i o n s  can l e a d  t o  i n c r e a s e s  i n  l e a k a g e s  and d e c r e a s e  i n  g a i n  a s  
w e l l  as breakdown due t o  fo rmat ion  o f  s m a l l  channe l s  o r  punch- 
through si tes i n  t h e  j u n c t i o n s  which a r e  r e s i s t i v e  i n  n a t u r e .  A  
s p e c i a l  c a s e  of o v e r v o l t a g e  a p p l i c a t i o n  i s  e l e c t r o s t a t i c  d i s c h a r g e  
through j u n c t i o n s  w i t h  l e a k a g e s  on t h e  o r d e r  of one nA. It  h a s  
been observed a t  Mar t in  M a r i e t t a  Denver D i v i s i o n  t h a t  j u n c t i o n  
f i e l d  e f f e c t  t r a n s i s t o r s  and t h e  e m i t t e r  b a s e  j u n c t i o n s  o f  c e r t a i n  
b i p o l a r  d e v i c e s  can be  degraded w i t h  e l e c t r o s t a t i c  d i s c h a r g e s  on 
t h e  o r d e r  o f  200V. (Th is  problem h a s  l o n g  been recognized  w i t h  
MOS d e v i c e s  .) The energy of such  p u l s e s  i s  v e r y  low due t o  t h e  
l i m i t e d  c a p a c i t a n c e  i n v o l v e d ,  b u t  i s  s u f f i c i e n t  t o  cause  v e r y  
l o c a l i z e d  r u p t u r e s  of j u n c t i o n s  a t  t h e  Si-Si02 i n t e r f a c e .  The 
s h o r t  e x h i b i t s  microplasma under r e v e r s e  b i a s  c o n d i t i o n s  and ,  i n  
g e n e r a l ,  i n c r e a s e s  l eakage  by o r d e r s  of magnitude.  Devices  w i t h  
h i g h e r  i n i t i a l  l e a k a g e  (10 nA o r  more) appear  t o  b e  a b l e  t o  b l e e d  
o f f  t h e  charge  bui ld-up a t  a  h i g h  enough r a t e  t o  p reven t  r u p t u r e  
of t h e  j u n c t i o n .  The low leakage  d e v i c e s  have fewer l eakage  p a t h s  
and f i e l d  d e n s i t i e s  i n c r e a s e  r a p i d l y  w i t h  t ime  a s  t h e  v o l t a g e  wave 
p ropaga tes  a long  t h e  j u n c t i o n .  F a i l u r e  a n a l y s i s  i n d i c a t e s  t h a t  t h e  
f a i l u r e  r e s u l t s  from l o c a l i z e d  r e d i f f u s i o n  o f  S i  a t  t h e  S i -S i02  
i n t e r f a c e .  The s o u r c e  of t h e  d i f f u s a n t  i s  p o s t u l a t e d  t o  be  alumi- 
num from t h e  m e t a l l i z a t i o n  m i g r a t i n g  a long  t h e  S i  s u r f a c e  t o  t h e  
r u p t u r e  i n  t h e  same manner a s  "whi te  s p e a r s "  form due t o  over-  
c u r r e n t  and power (Reference 1 9 ) .  More work i s  n e c e s s a r y  t o  de- 
f i n e  t h e  a c t u a l  f a i l u r e  mechanism. 
IV- 1 3  
Excess TI'U? $age, Cuz ~ , : t  ! avid P~iure?~ i7efee-t i l inimizat ion - Much work 
has  been done i n  p r e v e n t r n g  damage t o  low l e a k a g e  d e v i c e s  d u r i n g  
h a n d l i n g ,  t e s t  and i n s t a l l a t i o n  due t o  e l e c t r o s t a t i c  damage. Leads 
a r e  s h o r t e d  t o g e t h e r  u n t i l  p a r t  i n s t a l l a t i o n  t o  p r e v e n t  p o t e n t i a l  
g r a d i e n t s  from a p p e a r i n g  a c r o s s  j u n c t i o n s ;  work s t a t i o n s  where 
unshor ted  p a r t s  a r e  hand led  have e l e c t r o s t a t i c  p r e c i p i t a t o r s ,  
grounded work a r e a s  and ,  i n  some c a s e s ,  p e r s o n n e l  a r e  grounded 
through a p r o t e c t i v e  r e s i s t o r .  Hardware w i t h  s u s c e p t i b l e  p a r t s  
a r e  s t o r e d  i n  f o i l  l i n e d  bags and ,  i n  some c a s e s ,  w i t h  e x t e r n a l  
p i n s  s h o r t e d .  The e n c a p s u l a t i o n  of  cordwood modules h a s  been a 
s o u r c e  of  e l e c t r o s t a t i c  cha rge  l e v e l s  s u f f i c i e n t  t o  damage s u s -  
c e p t i b l e  p a r t s .  Care i s  t a k e n  t o  keep a l l  e x t e r n a l  l e a d s  and 
p i n s  of  cordwood modules a t  ground p o t e n t i a l  d u r i n g  t h e  p o t t i n g  
o p e r a t i o n .  The number of f a i l u r e s  encoun te red  is  reduced con- 
s i d e r a b l y  u s i n g  t h e  aforement ioned t e c h n i q u e s .  With t h e  advances  
i n  t h e  i n d u s t r y  i n  c l e a n e r  and b e t t e r  p r o c e s s i n g  more d e v i c m  
w i l l  have t o  come under  t h e s e  c o n t r o l s  t o  p r e c l u d e  d e g r a d a t i o n  
from e l e c t r o s t a t i c  d i s c h a r g e .  
Other  t y p e s  of d e g r a d a t i o n ,  due t o  o v e r v o l t a g e  o r  c u r r e n t ,  can 
be  avoided th rough  c a r e f u l  s t r e s s  and t h e r m a l  a n a l y s i s  of  t h e  
p a r t  a p p l i c a t i o n  and c a r e  i n  p a r t  and s y s t e m  l e v e l  t e s t  and con- 
d i t i o n i n g .  
b.  Shorts - E l e c t r i c a l  s h o r t s  and t h e i r  r e l a t e d  f a i l u r e  mech- 
anisms a r e  shown i n  Tab le  2 .  Most s h o r t s  a r e  a  r e s u l t  o f  poor  
workmanship by t h e  p a r t  manufac tu re r  and a r e  e a s i l y  d e t e c t e d  by 
a  r i g o r o u s  pre-cap v i s u a l  i n s p e c t i o n .  P a r t s  which have permanent 
e l e c t r i c a l  s h o r t s  a r e  r e j e c t e d  t h e  f i r s t  t ime  they  a r e  e l e c t r i c a l l y  
t e s t e d .  I n t e r m i t t e n t  s h o r t s  u s u a l l y  occur  d u r i n g  p a r t  t e s t  o r  
i n s t a l l a t i o n  and a r e  v e r y  d i f f i c u l t  t o  d e t e c t  once t h e  p a r t  i s  
capped.  These  f a i l u r e s  can b e  c a t a s t r o p h i c  t o  u s i n g  hardware  i f  
p r o p e r  c i r c u i t  redundancy i s  n o t  p rov ided .  
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C'oiz-tarn~ination i;v!eehan-lsi.is - The g r e a t e s t  c o i l t r l b u t o r  t o  s h o r t s  is 
conduc t ive  contaminat ion i n t e r n a 2  o r  e x t e r n a l  t o  t h e  p a r t .  
Aluminum f l a k e s  p i l e d  up on probe p o i n t s  d u r i n g  wafe r  l e v e l  t e s t  
v h i c h  drop on t h e  d i e  a c r o s s  m e t a l l i z a t i o n  p a t h s  and l a r g e  f r a g -  
ments o f  s i l i c o n  produced d u r i n g  s c r i b e  and b r e a k  a r e  two common 
forms of p a r t i c l e  con tamina t ion  i n t r o d u c e d  a t  t h e  wafe r  l e v e l .  
Excess e u t e c t i c  p i l e d  up over  t h e  s i d e s  of t h e  d i e ,  f ragments  of 
e u t e c t i c  e i t h e r  a t t a c h e d  o r  l o o s e ,  and f ragments  and s l i v e r s  of 
s t e e l  wool from tweezer  c l e a n  a r e  common forms of con tamina t ion  
i n t r o d u c e d  d u r i n g  d i e  a t t achment .  Excess p i g t a i l s ,  e x t r a  w i r e s  
and b a l l s  from t h e  w i r e  c u t t i n g  o p e r a t i o n  a r e  t y p e s  of conduc- 
r i v e  contaminates  i n t r o d u c e d  d u r i n g  w i r e  bonding. Improper header  
f a b r i c a t i o n  and p l a t i n g  r e s u l t  i n  f l a k e s  and s l i v e r s  of k o v a r  o r  
gold  c a u s i n g  i n t e r n a l  o r  e x t e r n a l  s h o r t s .  Improper s t o r a g e  and 
c l e a n i n g  of d i e  header  assembl ies  and cans  r e s u l t  i n  a i r b o r n e  
contaminants  which g e t  s e a l e d  i n t o  t h e  p a r t ,  Weld s l a g  b a l l s  can 
be  i n t r o d u c e d  d u r i n g  t h e  capping o p e r a t i o n .  - -  
Contamination Detection Methods - Bound p a r t i c l e s  can o f t e n  b e  
loosened w i t h  a  h i g h  impact shock t e s t .  Most f r e e  p a r t i c l e s  can 
be  d e t e c t e d  w i t h  an e l e c t r i c a l l y  monitored v i b r a t i o n  t e s t ,  b u t  
t h i s  i s  u s u a l l y  expensive .  S e v e r a l  p a r t  u s e r s  employ a  t e c h n i q u e  
r e f e r r e d  t o  a s  P I N D  t e s t i n g .  Acous t i c  n o i s e  g e n e r a t e d  by p a r t i c l e  
impingement on t h e  s i d e s  of t h e  d e v i c e  can b e  monitored d u r i n g  
random v i b r a t i o n  coupled w i t h  a  mechanical  shock p u l s e .  X-ray 
can d e t e c t  l a r g e  p a r t i c l e s  ( 2  m i l s )  of gold  and i r o n  and e x t r a  
w i r e s .  
Contamination Minimization - Conductive p a r t i c l e s  s m a l l e r  t h a n  t h e  
s m a l l e s t  i n t e r c o n n e c t  s e p a r a t i o n  and non-conductive p a r t i c l e s  a r e  
n o t  cons idered  i m p o r t a n t .  A c c e l e r a t i o n  of uncapped h e a d e r s  and 
u l t r a s o n i c  c l e a n i n g  of uncapped assembl ies  a r e  methods of removing 
contaminants  p r i o r  t o  capping.  G l a s s i f i c a t i o n  o v e r  m e t a l l i z a t i o n  
i s  t h e  b e s t  d e f e n s e  a g a i n s t  conduc t ive  p a r t i c l e s .  Beam l e a d  d i e ,  
s i n c e  t h e y  a r e  normal ly  mounted m e t a l  s i d e  down and a r e  p a s s i v a t e d  
w i t h  s i l i c o n  n i t r i d e ,  o r  o t h e r  m a t e r i a l s ,  p r o v i d e  p a r t s  which a r e  
l e s s  s u s c e p t i b l e  t o  s h o r t s  due t o  p a r t i c l e s .  
Assembly Defect Mechanisms - Assembly d e f e c t s ,  such a s  improper 
d i e  o r i e n t a t i o n  f o r c i n g  i n t e r c o n n e c t  w i r e s  t o  c r o s s  o r  connec t ion  
of t h e  wrong c o n t a c t  t o  t h e  e x t e r n a l  p i n s ;  excess  w i r e  l o o p s ;  
down bonding where i n a d e q u a t e  c l e a r a n c e  i s  provided between t h e  
edge o f  t h e  d i e  and t h e  w i r e ;  misalignment of w i r e  on bond pad; 
and b e n t  o r  t o o  h i g h  p o s t s  allo1.7ing them t o  touch t h e  s i d e  of t h e  
can,  a l l  can cause  s h o r t s .  
Asse~rbly Defect Detectzon Methods - A pre-cap v i s u a l  inspecti011 
eliminatial;; p d r t s  wilh .;uch d e f e c t s  i s  d e s i r e d .  X--ray w i l l  show 
crossed u iyes  and improper p o s t  t o  cap c l e a r a n c e .  Constant  a c c e l -  
:?! a t i o n  ~n a i l  t h r c e  axes w i l l  cause  e x c e s s  w i r e  loops  t o  touch 
r ) i  her a-ceas in t h e  can ,  
Assembly Defect Minimization - U s e  of beam l e a d  c h i p s  s i g n i f i c a n t l y  
reduces  t h e  number of o p e r a t o r  s e n s i t i v e  assembly p rocedures  and 
the reby  t h e  number of d e f e c t s .  
Die Defect Mechanisms - Die d e f e c t s  caus ing  s h o r t s  can b e  c a t e -  
g o r i z e d  i n  t h r e e  a r e a s ;  b u l k ,  o x i d e ,  and m e t a l l i z a t i o n .  The b u l k  
and o x i d e  d e f e c t s  which cause  pa ramete r  d e g r a d a t i o n ,  d i s c u s s e d  
p r e v i o u s l y ,  o f t e n  produce s h o r t s .  Masking misal ignment  and i m -  
p roper  d i f f u s i o n  d e p t h s  can r e s u l t  i n  s h o r t e d  j u n c t i o n s .  L i f t i n g  
and u n d e r c u t t i n g  of p h o t o r e s i s t  o r  mask d e f e c t s  and misalignment 
can r e s u l t  i n  b r i d g e d  j u n c t i o n s  o r  m e t a l l i z a t i o n .  D i s l o c a t i o n s ,  
i n c l u s i o n s ,  and o t h e r  d i s c o n t i n u i t i e s  l o c a t e d  i n  t h e  j u n c t i o n s  
can cause  s h o r t s .  Cracks i n  t h e  d i e  a s  a r e s u l t  of s c r i b i n g  o r  
improper d i e  a t t a c h  and w i r e  bonding p r o v i d e  c h a n n e l l i n g  p a t h s  
a long  exposed s i l i c o n  s u r f a c e s .  Cracked d i e  can a l s o  r e s u l t  from 
g r o s s  mismatches i n  t empera tu re  c o e f f i c i e n t  from header  t o  d i e  i n  
power d e v i c e s  (Reference 20 ) .  Cracks ,  h o l e s ,  and t h i n  s p o t s  i n  
ox ide  under metal p a t h s  f r e q u e n t l y  r e s u l t  i n  s h o r t s  t o  t h e  a c t i v e  
a r e a s  under t h e  m e t a l  f o r  expanded c o n t a c t  d e v i c e s  ( w i r e  bond a t  
t h e  d i e  i s  made on t h e  o x i d e  r a t h e r  t h a n  a t  t h e  o x i d e  window). 
Contaminants on t h e  d i e  s u r f a c e  o r  b u r i e d  i n  t h e  o x i d e  o f t e n  pro- 
duce i n v e r s i o n  l a y e r s  and channe l s  s u f f i c i e n t  t o  s h o r t  j u n c t i o n s .  
Smears of m e t a l l i z a t i o n  due t o  improper h a n d l i n g ,  d i e  a t t a c h ,  and 
w i r e  bonding p rocedures  s h o r t  a c t i v e  a r e a s .  
Die Defect Detection Methods - A good pre-cap v i s u a l  i n s p e c t i o n  
w i l l  e l i m i n a t e  most g r o s s  d i e  d e f e c t s .  High t empera tu re  s t o r a g e  
and HTRB w i l l  a g g r a v a t e  ox ide  and b u l k  d e f e c t s  and m o b i l i z e  con- 
t aminan ts  t o  form s h o r t i n g  channe l s  and i n v e r s i o n  l a y e r s .  G l a s s i -  
f i c a t i o n  of d i e  h a s  been s u c c e s s f u l  i n  r e d u c i n g  smear ing of m e t a l .  
Thick e u t e c t i c s  o r  t empera tu re  c o e f f i c i e n t  matching phases  such  
a s  molybdenum t a b s  a r e  d e s i r e d  i n  power d e v i c e s  t o  e l i m i n a t e  
t h e r m a l l y  induced c r a c k s  (Reference 20) .  Channel s t o p p e r s  a r e  
d e s i r e d  around o u t s i d e  of d i e  t o  keep channe l s  from propaga t ing  
t o  edge o f  t h e  d i e  i n  s i n g l e  d i f f u s e d  e p i t a x i a l  d e v i c e s  and guard 
r i n g s  o r  f i e l d  p l a t e s  around t h e  b a s e  c o l l e c t o r  j u n c t i o n  a r e  o f t e n  
used t o  p r e v e n t  channe l s  i n  o t h e r  geomet r ies .  Ex tens ion  of b a s e  
m e t a l l i z a t i o n  o v e r  t h e  b a s e / c o l l e c t o r  j u n c t i o n  l i n e  i s  a  commonly 
used t y p e  of f i e l d  p l a t e ,  
Excess VoZtage, Current and Powe~ Mechanisms - The last of t h e  
s h o r t i n g  mechanisms i s  e l e c t r i c a l  o v e r s t r e s s .  The most common 
i s  e x c e s s  c u r r e n t / v o l t a g e  caus ing  A 1  from one m e t a l l i z a t i o n  p a t h  
t o  t r a v e r s e  a c r o s s  t h e  s u r f a c e  of t h e  s i l i c o n ,  undernea th  t h e  
o x i d e ,  t o  a m e t a l  p a t h  o f  d i f f e r e n t  p o t e n t i a l ,  forming "whi te  
s p e a r s "  (Refe rence  1 9 ) .  Bulk breakdown due t o  l o c a l i z e d  t h e r m a l  
a v a l a n c h e ,  punch-through, and secondary  breakdown a r e  u s u a l l y  
caused by e x c e s s  t empera tu re  w i t h  b i a s  a p p l i e d .  High f requency  
o s c i l l a t i o n s  o f t e n  occur  d u r i n g  burn- in  o r  c i r c u i t  o p e r a t i o n  
where d e g e n e r a t i v e  feedback is  n o t  p rov ided .  Melted m e t a l l i z a t i o n ,  
d i s c o l o r e d  o r  mel ted d i e ,  and v a p o r i z e d  bond w i r e s  a r e  a l l  s i g n s  
of m i s a p p l i c a t i o n  of b i a s  and s i g n a l  o r  improper h e a t  s i n k i n g .  
c. Opens - The f a i l u r e  mechanisms producing opens a r e  d i s p l a y e d  
i n  T a b l e  3 .  These mechanisms a r e  f r e q u e n t l y  t ime  dependent and 
o f t e n  r e q u i r e  l o n g  p e r i o d s  t o  produce f a i l u r e s .  These mechanisms 
pose  a c o n s i d e r a b l e  q u e s t i o n  t o  t h e  l o n g - l i f e  performance a b i l i t y  
o f  t r a n s i s t o r s .  Open t r a n s i s t o r s  a r e  g e n e r a l l y  less c a t a s t r o p h i c  
t o  hardware f a i l u r e  t h a n  s h o r t e d  ones  because  t h e y  do n o t  l o a d  
power s u p p l i e s ,  b u t  can s t i l l  r e s u l t  i n  hardware  f a i l u r e  due t o  
l o s s  of d r i v e  t o  succeed ing  s t a g e s .  Redundancy i s  n e c e s s a r y  where 
s i n g l e  p o i n t  t r a n s i s t o r  opens can c a u s e  c a t a s t r o p h i c  hardware  
f a i l u r e .  
Interconnect Wire Failure Mechanisms - The most common c a u s e  of 
opens is  i n t e r c o n n e c t  w i r e  f a i l u r e .  There  a r e  two t y p e s  o f  metal -  
l i z a t i o n - i n t e r c o n n e c t  w i r e  sys tems u s e d ;  go ld  w i r e  t o  aluminum 
m e t a l l i z a t i o n  and aluminum w i r e  t o  aluminum m e t a l l i z a t i o n s .  Each 
h a s  i ts  problem when n o t  done p r o p e r l y  and each h i s t o r i c a l l y  h a s  
been a  p o p u l a r  t o p i c  of d i sagreement .  
Plague and Kirkendall Effect (Gold-Aluminum) - The most common 
i n t e r c o n n e c t  sys tem i n  t r a n s i s t o r s  i s  t h e  gold  w i r e  t o  aluminum 
m e t a l l i z a t i o n  i n t e r c o n n e c t .  I n s u f f i c i e n t  t i m e ,  t e m p e r a t u r e ,  o r  
p r e s s u r e  d u r i n g  t h e  fo rmat ion  of t h e  bond r e s u l t s  i n  weak o r  i n -  
complete  bonds.  
The more s i g n i f i c a n t  mechanism is  commonly c a l l e d  
Seemingly s t r o n g  bonds grow weak w i t h  t empera tu re  and t ime  due 
t o  i n t e r m e t a l l i c  compound fo rmat ion  and t h e  K i r k e n d a l l  e f f e c t .  
Bond weakening i s  most s e v e r e  i n  expanded c o n t a c t s ,  b u t  f a i l u r e s  
have been observed i n  bo th  expanded and d i r e c t  c o n t a c t s .  
" 3 0  " a '  ~~mrnurii  nicerconneccs i?*n ') 1 i c . r  isClt_i on o f  give  iiiter- 
rncLal Lic cornpounds : AuAl , Au2f\i,  ' i l i C ~  I )  , ~ i u ~ f i l ~ ,  anci h~l~,hl  (Rei cr  - 
mces 25 , 2 2 ,  and 23) . The g r o ~ i  '7 (3 i Cni e x m e t  a1 l i  cs  i s acce  l e r a t e d  
w i t h  Iemperature .  A l l  phases  have been r e p o r t e d .  bu t  t h e  most 
widely  d i s c u s s e d  seem t o  be t i r e  piirple (Aull12) arid t h e  t a n  ( A U ~ A J - ~ ,  
Au2Al) phases .  P u r p l e  p lague  h a s  rciaLi17ely good e l e c t r i c a l  and 
mechanical  p r o p e r t i e s  (Reference 22). I n  comparison t o  t h e  t a n  
phases i t s  growth r a t e  is  s l o w ,  b u t  t h e  p resence  of S i  i n  t h e  hl- 
f i l m  tends  t o  i n c r e a s e  i t s  growth r a t e  (Refe rence  21) ,  The t a n  
phases have r e l a t i v e l y  poor e l e c t r i c a l  and mechanical  c h a r a c t e r -  
i s t i c s  (Refe rence  22) .  Au5A12 forms more e a s i l y  and has f a s t e s t  
growth r a t e  w i t h  Au2A1 t h e  n e x t  f a s t e s t  (Reference 21). The o t h e r  
two phases ,  AuAl (whi te )  and Au4Al ( t a n )  have been obse tvcd ,  b u t  
grow s lowly  and appear  t o  be  i n t e r m e d i a t e  phases  t o r  t h e  o t h e r  
t h r e e .  
The K i r k e n d a l l  e f f e c t  i s  t h e  i n t c r d i - f f u s i o n  of cwo d i s s i m i l a r  
meta l s  a t  d i f f e r e n t  r a t e s  producing v o i d s  a t  t h e  i n t e r f a c e .  Th is  
phenomenon t a k e s  t h r e e  forms; a n u i a r  v o j d s  around t h e  o u t r r  
p e r i p h e r y  of t h e  b a l l ,  l a t e r a l  v o i d s  a long  t h e  e n t i r e  s u r f a c e  of 
t h e  b a l l ,  and d e p l e t i o n  of t h e  aluminum f i l m .  The f i r s t  and l a s t  
mechanisms a r e  on ly  a  problem i n  expanded c o n t a c t s ;  t h e  second i n  
a l l  c o n r a c t s .  D e p l e t i o n  of t h e  alurni61um fills can b e  a t t r i b u t e d  
t o  che much g r e a t e r  b u l k  of gold  i n  t h e  b a l l  r e q u i r i n g  more A 1  
atom.; t h a n  t h e  f i l m  can s u p p l y .  K i  r k e n d a l l  voirls seem t o  be most 
p r e v a l e n t  i n  p a r t s  having Au5A1 and A1t3Al phases  o i  i n t e r m e t a l l i c s .  
S i n c e  t h e s e  go ld  r i c h  i n t e r m e t a l  l  ics l o r ~ n  at a  f a s t e r  r a t e  t h a n  
t h e  o t h e r s ,  r e q u i r e  more go ld  t h a n  alumiallam, and gold  ha.; a f a s t e r  
d i f f u s i o n  r a t e  i n t o  A 1  t h a n  A l  i r l r  o g o l d ,  i i_ i s  suggc?:;i_cd t h a t  t h e  
vo ids  a r e  a  p r o d u c t  of fo rmat ion  o i  go1 d  r i c h  i n t e i m c t ; t l l i c s a  I n  
a d d i t i o n ,  some p a r t s  have exhTbjred v e r y  s t a b l e  bonds w i t h  t i m e  
and r e a s o n a b l e  t e m p e r a t u r e ,  s u g g e s t i n g  some i n h i b i  Live ef i 'ect  on 
t h e  fo rmat ion  o f  u n d e s i r a b l e  in le rmet  a 2 l i c s .  S i n r e  t h e  fo rmat ivn  
of i n t e r m e t a l l i c s  i s  a  f u n c t i o n  o i  i-hc i n i t i a l  bonding paramete rs  
( t i m e ,  p r e s s u r e ,  t empera tu re )  , perhaps  p r o p e r  co~nbina t  i ons p r o d ~ ~ c e  
phases  such a s  AuAl o r  AuA12 which r e t a r d  i h e  growth of t h e  un-- 
d e s i r a b j  e  phases .  Also,  d a t a  is 3 v a i l  ab Le w h i  ch shows t h a t  oxygen 
rciard:; t h e  growth of in termel-a l l  i cs  liy r t idt ic i  (1: ~ h c  <1tnour1t oL 
a v a i l a b l e  aluminum through o x i d a ~  i o n  (Kef e r e n c e  8) . 
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illicrocracking cn,d Annea Zing Fai lui.ies (AZxi;~inza?i-k Lzimint~li?j -- The 
n e x t  most wide ly  used bonding sys tem i n  t r a n s i s t o r s  i s  aluminum 
w i r e  ( w i t h  1% s i l i c o n )  and aluminum m e t a l l i z a t i o n .  The two f a i l u r e  
mechani.sms i n  t h i s  sys tem a r e  w i r e  breakage due t o  S i  i n c l u s i o n  
i n  t h e  w i r e  and microcrack ing  a t  t h e  h e e l  of t h e  bond due t o  neck- 
i n g  of t h e  bond by t h e  bonding t o o l  (References  2 4  and 25) .  Both 
f a i l u r e  mechanisms a r e  t ime dependent and a r e  a  f u n c t i o n  of t h e  
the rmal  c y c l i n g  ( u s u a l l y  low r a t e )  which causes  mechanical  move- 
ment and a n n e a l i n g  of t h e  w i r e  (Refe rence  26 ) .  
S i l i c o n  i n c l u s i o n s  i n  t h e  w i r e  u s u a l l y  r e s u l t s  from poor  manufac- 
t u r i n g  by t h e  w i r e  manufac tu re r s .  Anneal ing a c c e l e r a t e s  l o s s  of 
s t r e n g t h  due t o  r e c r y s t a l l i z a t i o n  of t h e  S i  i n  l o c a l i z e d  c e n t e r s  
a long  t h e  w i r e  (Reference 2 7 ) .  
Microcrack ing  r e s u l t s  from improper  t o o l  d e s i g n  and t o o  much p r e s -  
s u r e .  For  u l t r a s o n i c  a p p l i c a t i o n s ,  energy p l a y s  an impor tan t  
r o l e  i n  forming a  sound bond w h i l e  i n  the rmal  compression bonds 
t e m p e r a t u r e  i s  t h e  o t h e r  v a r i a b l e .  The e f f e c t  of poor c o n t r o l  
of t h e s e  pa ramete rs  i s  a  r e d u c t i o n  of t h e  w i r e  d iamete r  a t  t h e  
d i e  bond a s  t h e  w i r e  e x i t s  t h e  d i e .  
Failure a t  the  Post and Along the  Wire - Both AuAl and A l A l  i n t e r -  
connect  sys tems  a r e  prone t o  f a i l u r e  i f  t h e  p o s t  bond does n o t  
p r o v i d e  s u f f i c i e n t  w i r e  t o  p o s t  s u r f a c e  c o n t a c t .  I n  a d d i t i o n ,  
n i c k s  and k i n k s  i n  t h e  w i r e ,  r e d u c i n g  i t s  des igned  d i a m e t e r ,  
could  r e s u l t  i n  f a i l u r e  due t o  e x c e s s i v e  c u r r e n t  d e n s i t i e s .  
Interconnect Wire Failures-Detection Methods - I n  b o t h  AuAl and 
AlAl i n t e r c o n n e c t  sys tems a  100% n o n - d e s t r u c t i v e  w i r e  p u l l  i s  t h e  
b e s t  method f o r  d e t e c t i n g  improper ly  formed bonds,  n i c k e d ,  o r  
degraded w i r e s .  S e v e r a l  manufac tu re r s  and u s e r s  have i n d i c a t e d  
good s u c c e s s  w i t h  such a  t e s t  w i t h o u t  d e g r a d a t i o n  t o  sound p a r t s .  
A 0 .7  gram p u l l  t h r e s h o l d  i s  a  s u f f i c i e n t  p r e s s u r e  t o  b reak  de- 
f e c t i v e  bonds wi thou t  d e g r a d a t i o n  t o  good bonds.  
I n  gold-aluminum sys tems ,  s e v e r a l  u s e r s  have u t i l i z e d  h i g h  tem- 
p e r a t u r e  (300°C, o r  b e t t e r )  a g i n g  of p a r t s  t o  d e t e c t  weakening 
bonds due t o  i n t e r m e t a l l i c  f o r m a t i o n .  Most,  however, p r e f e r  t o  
l i m i t  t e m p e r a t u r e  exposure  of gold-aluminum i n t e r c o n n e c t i o n s  t o  
150°C t o  a v o i d  induc ing  i n t e r m e t a l l i c  growths.  A low c u r r e n t  
forward v o l t a g e  drop measuremeni i s  sugges ted  pre-  and pos t -  
burn- in ,  and t empera tu re  s t o r a g c  ~ r i t h  t i g h t  d e l t a  s h i f t  c r i t e r i a  
on vo l tc ige  a s  a  means of d e t e c t i n g  :iieakening bonds due t o  i n t e r -  
m e t a l l i c  growths.  
~ r a  ai~mlin~ir~~-aluniintlrn r i y s t e r n t s ,  large nrlmbers or' one m i n u e c  on per 
one minute  o f f  power cycles h a s  been used t o  t r a c t u r e  d e f e c t i v e  
wedge bonds. Th is  t e s t i n g  i s  i m p r a c t i c a l  f o r  s c r e e n i n g  programs, 
bu t  coul-rt be used 011 a  sarnple b a s i s  t o  d i s c o v e r  a  d e f e c t i v e  1 oi- 
of p a r t s .  A 100% v i s u a l  i n s p e c t i o n  of t h e  bonds f o r  s e v e r e  w i r e  
nccktng arld a  sample SEM i n s p e c t i o n  of t h e  bond h e e l  f o r  micro- 
c rack ing  i-s advised i n  A i - A 1  bonding sys tems ,  
Cn b o t h  i:ypc3s, a LOOX p r c - c a p  v i s u a l  of t h e  d i e  and p o s t  bonds 
arltl t h e  w i r e  t o  s t r  ingealt v  i s ~ ~ a l  c r i t c r  i-a w i l l  remove most common 
in te rcor lnec t  defect:;, 
i r? c'ercuv~nec i, W i r ~  3 ' i l i  lure iWiwimixation - The most promising cle . 
v : ~  l opmcni i n  e l  imina t ing  t h e s e  f a i l u r e s  i s  t h e  u s e  of beam l e a d  
d e v i c e s ,  '{ 'his  sys tem a f f o r d s  a  gold-gold i n t e r f a c e  thus  e l i m i n a t i n g  
ir1l:nrrncji:a 1.1 i c growth and e l i m i n a t e s  t h e  u s e  of "f l y i n g t i  l e a d s .  
I ~ O W : ? V C ~ .  , I I ~ ~ I ~ P C  s ttlrly i r i  t o  t h e  unique f r a i l t i e s  of beam l e a d  d e v i c e s  
is ilece:;:;nry, A Lso, t h c  v a r i e t y  , a v a i l a b i l i t y ,  and p r o d u c t i o n  
sizc~b i l  i c y  o i: s t l c t~  devi c:cs is noc p r e s e n t l y  s u f f i c i e n t  t o  co~n~nand 
inr id:?sp <-:?acl lis:lge, 
Anather , ~ ~ i t z s n a % i s v c  is t h e  llse of .L m i l  go ld  w i r e  thermocompression 
borads t o  gal-d mei;alLi.zation on t h e  d i e .  The s t r e n g t h  and s t a b i l i - L y  
of gold  wire is ach ieved  w i t h o u t  t h e  p lague  problems; however, few 
~il:l.cluf act-itcet-s have p a r t s  a v a i l a b l e  w i t h  g o l d / g o l d  i n t e r c o n n e e t i - o n s  . 
Wl~rre :~.v;l i l a b l e ,  t h i s  sys tem shou ld  b e  used.  
fi.< .ii.i jc, I L /  05: s u p p '  ier-s utjc AIIA! ot AlAl i n t e r c o n n e c t  schemes. 
Doub Lc p o s t  bonds a re  recornmended f o r  e i t h e r  sys tem t o  p rov ide  
good aclhcs ion t o  t h e  p o s l .  Gold b a l l  thermocompression bonds and 
~ r l  r r-asoni c  '7 1 urninurn c h  i s e l  bonds a r e  t h e  on ly  a c c e p t a b l e  means of 
boilil i ilg idhe  w i  r-e to  i-iie C! i c  , Wire q u a l i t y  and m a t e r i a l  c o n t e n t  , 
.il\(l rn:li-.i l l i z n i i  on i h i c!cac:;:; .-i,ad t e x t u r e ,  lllust b e  c o n t r o l l e d  by 
i h:? in;lntti .tr irtrcr. i (I r- i.c.1 i ab 1 e  bonding,  Bond l o c a t i o n  and adequa te  
pact s i ze ;t 1 :;o ;Ire i ~nporbani- c o n t r o l l i n g  f a c t o r s  i n  r e l i a b l e  i n t e r -  
L o l l o e C l  &, , 
Soul:. :; i ~ l c l  i (Refe rence  27) have i n d i c a t e d  t h a t  1% Mg aluminum 
w i  i r  has s i g n i f i c a n t  advantages  over  I.% S i  aluminum w i r e ,  bu t  most 
i:;:irq:; ;1nc1 L I ~ ~ I C ~ U ~ ~ ~ C L U T ~ C ! ~  c~r l t ; l c t e r l  recommended t h e  l a t t e r ,  
i ;  I ?  , . i r  voi-d:; i n  t h e  e u t e c t i c  bond o r  
! inc{i~c rii::c:i?::rl i.c7.;i 1. :;i:i.:-:;:; c;ii-1. i7nit:;:? di.c iio l i f t  o f f  t h e  header .  In 
p:lri:: i i.qi.i.11 c l  i:.: l . ; i ~ i :  c i.c:1 I. 1.7 i.so1 :li:::d c:o 1.l.ectors o r  g a t e s  ceramic 
I.;~s;! i.;i,i:u:.:j t v i r  i . ~ : j ~  i i c )  r ~ : ) i :  Ii;iv:? ;~cicclci;~.ie mechanical  s u p p o r t  to t h e  
i i , . ' i < i :> i  < * .  ( : < i t l  i;c:::;rk , I  i.:? cliii:i.,i;j iii::c:haui.t:nl s t r e s s  and r e s u l t  i n  opens.  
iLSte(J,  DLe DeiecLLon /"je.&ho& I. PI--&^ --L- -L L---- -"_.. 
~ L L D  wl l i c . 11  itdve 11ld~gina: d i e  
a t t achments  can b e  d e t e c t e d  u s u a l l y  th rough  X-ray of  the d i e  
header  assembly,  l o o k i n g  f o r  v o i d s .  Power p u l s e  V (SAT) meas- 
urements w i l l  a l s o  d e t e c t  such d e f e c t s .  CE 
Lifted Die Minilnization - Die and i n s u l a t o r s  shou ld  b e  f i r m l y  
a t t a c h e d  t o  header  r a t h e r  t h a n  suspended from t h e  l e a d s .  Ceramic 
t e m p e r a t u r e  c o e f f i c i e n t s  shou ld  b e  matched c l o s e l y  t o  S i  t o  pre- 
c l u d e  c r a c k i n g  due t o  the rmal  expans ion .  
Metallization Failure Mechanisms - M e t a l l i z a t i o n  opens a r e  t y p i -  
c a l l y  o n l y  a problem i n  expanded c o n t a c t s  s i n c e  c u r r e n t  is  c a r -  
r i e d  from t h e  d i e  t o  t h e  w i r c  bond by p a t h s  o f  m e t a l l i z a t i o n .  
S c r a t c h e s  due  t o  improper d i e  h a n d l i n g  and m i s s i n g  m e t a l l i z a t i o n  
due t o  p h o t o l i t h o g r a p h y  d e f e c t s  are commonly t h e  s o u r c e  o f  open 
m e t a l l i z a t i o n  p a t h s .  Migra t ion  of aluminum away f rom t h i n n e d  
a r e a s  t o  c r e a t e  v o i d s  i s  d i s c u s s e d  i n  Chapter  11. T h i s  i s  a  
problem i n  r f  and power d e v i c e s  where m e t a l l i z a t i o n  cross-sec-  
t i o n a l  a r e a  and c u r r e n t  r equ i rements  c a u s e  e x c e s s i v e  c u r r e n t  
d e n s i t i e s  i n  t h e  A1 f i l m .  Improper a l l o y i n g  ( s i n t e r i n g )  of t h e  
A 1  f i l m  t o  t h e  s i l i c o n  and S i 0 2  s u r f a c e s  r e s u l t s  i n  p e e l i n g  and 
l i f t i n g  o f  t h e  m e t a l l i z a t i o n .  T h i s  a l s o  can b e  a  problem even 
i n  d i r e c t  c o n t a c t  d e v i c e s .  Another mechanism i s  f a i l u r e  of t h e  
m e t a l l i z a t i o n  t o  make c o n t a c t  w i t h  s i l i c o n  due t o  an  incomple te  
e t c h  of t h e  S i 0 2  a t  t h e  window, o r  growth of S i 0 2  a t  t h e  i n t e r -  
f h c e  of t h e  S i  and A l .  ~ o l ~ g o l d  m e t a l l i z a t i o n  system f a i l u i % s  
are sometimes caused by e x c e s s i v e  u n d e r c u t t i n g  of t h e  moly d u r -  
i n g  e t c h i n g  o r  inadequa te  a l l o y i n g  o f  t h e  moly. 
Metallization Failure Detection Methods - A pre-cap v i s u a l  i n s p e c -  
t i o n  w i l l  d e t e c t  open o r  degraded m e t a l l i z a t i o n  f i n g e r s  i n  un- 
capped p a r t s .  E l e c t r i c a l  t e s t i n g  w i l l  r e v e a l  t h o s e  s e a l e d  p a r t s  
having open m e t a l l i z a t i o n  p a t h s .  Meta l  v o i d i n g  due t o  m i g r a t i o n  
can b e  d i s c o v e r e d  by a  forward burn- in  a t  r a t e d  c u r r e n t .  S e v e r a l  
i n t e g r a t e d  c i r c u i t  u s e r s  r e q u i r e  sample SEM i n s p e c t i o n  of each 
wafer  t o  de te rmine  adequa te  m e t a l  coverage o v e r  ox ide  c u t s .  
Metallization Failure Solutions - U s e  of  p h o s p h o s i l i c a t e  g l a s s e s  
r e t a r d s  m e t a l  m i g r a t i o n  (excep t  g o l d  m e t a l l i z a t i o n  systems)  and 
a l s o  p r o t e c t s  t h e  m e t a l  s u r f a c e s  from s c r a t c h e s  d u r i n g  d i e  
hand l ing .  High t empera tu re  s t o r a g e  w i l l  s t i m u l a t e  t h e  growth o f  
o x i d e  a t  t h e  c o n t a c t  window. The u s e  o f  g o l d  m e t a l l i z a t i o n  s i g -  
n i f i c a n t l y  r e d u c e s  m e t a l  m i g r a t i o n  e f f e c t s  because  o f  t h e  
r e l a t i v e  immobi l i ty  o f  go ld ;  however, w h i l e  t h e  go ld  i s  immobile, 
t h e  moly undernea th  i s  n o t .  
D e r a t i n g  maximum c u r r e n t  l i m i t s  t o  keep m e t a l l i z a t i o n  c u r r e n t  
d e n s i t i e s  below 5 x  l o 4  ~ / c m ~  w i l l  r educe  e l e c t r o m i g r a t i o n  e f f e c t s  
c o n s i d e r a b l y  . 
T . r i c~c ; i , ~c  )'L l t ~ t g t ' ~  C ' L L P Y ~ ~ ~ ,  Pi)l~er - UsuLGf iy overpower c o n d i t i o n s  
i \ l J i i  me l t  i n t e r c o n n e c t  w i r e s  o r  v a p o r i z e  metallization f i l m s  due 
t c  e x c e s s i v e  c u r r e n t  d e n s i t y ,  S h o r t s  i n  the d i e  a l s o  cause  open 
i n t e r c o n n e c t s  under  normal power c o n d i t i o n s .  
d ,  idechanieal Degradation - The l a s t  group of f a i l u r e  mechanisms 
i s  shown i n  T c b l e  4 and d e a l s  w i t h  f a i l u r e s  t h a t  p r e v e n t  p roper  
i n s t a l l a t i o n  of t h e  p a r t .  While t h e s e  f a i l u r e s  a r e  normal ly  d i s -  
covered d u r i n g  and j u s t  a f t e r  p a r t  i n s t a l l a t i o n  t h e y  cause  s i g n i f i -  
c a n t  d e l a y  and o c c a s i o n a l l y  go unde tec ted  u n t i l  c o n s i d e r a b l e  i n -  
ves tment  i s  made i n  t h e  u s i n g  hardware ,  They a r e  most e a s i l y  de- 
t e c t e d  p r i o r  t o  i n s t a l l a t i o n  by an e x t e r n a l  v i s u a l  i n s p e c t i o n .  
Degraded Leads and Packages - Corros ion  of l e a d s  and cans  r e s u l t s  
from a number of poor p r a c t i c e s .  Handl ing of p a r t s  w i t h o u t  g loves  
o r  f i n g e r  c o t t l e s  and s t o r a g e  of p a r t s  i n  c o r r o s i v e  o r  o x i d i z i n g  
environments degrades  l e a d s  p r e v e n t i n g  sound s o l d e r  j o i n t s  when 
t h e  p a r t  i s  i n s t a l l e d .  Oxidized s u r f a c e s  on t h e  can where h e a t  
f low i s  r e q u i r e d  i n c r e a s e s  the rmal  impedance. Poor p l a t i n g  a l s o  
c o n t r i b u t e s  t o  s o l d e r a b i l i t y  problems and reduces  t h e r m a l  conduc- 
t i v i t y ,  Improper m a t e r i a l  c o n t e n t  and improper dimensions  r e s u l t s  
i n  poor welds  where c o n t a c t  r e s i s t a n c e  weld ing  i s  used.  Again ,  
con tamina t ion  can r e s u l t  i n  weakened j o i n t s .  S c r a t c h e d ,  b e n t ,  
broken,  and t w i s t e d  l e a d s  make t h e  p a r t  more d i f f j c u l t  t o  i n s t a l l  
p r o p e r l y .  
Studs - Gal led  o r  s t r i p p e d  t h r e a d s ,  i r r e g u l a r  o r  hol low s u r f a c e s  
on b a s e  of s t u d ,  and improper a t tachment  of ceramic  i n s u l a t o r  
( f o r  d i e l e c t r i c a l l y  i s o l a t e d  d e v i c e s )  r e s u l t  i n  f a i l u r e s  of s t u d  
mounted d e v i c e s .  The l a t t e r  two u s u a l l y  cause  a  marked increa .se  
i n  the rmal  impedance of t h e  d e v i c e  r e s u l t i n g  i n  o v e r h e a t i n g  and 
d i e  f a i l u r e .  Damaged t h r e a d s  u s u a l l y  r e s u l t  i n  broken s t u d s  when 
proper  t o r q u e  i s  a p p l i e d ,  o r  i n  i n s u f f i c i e n t  t o r q u e  due t o  added 
mechanical  r e s i s t a n c e .  
Seals  - Cracks and bubbles  around t h e  e x t e r n a l  l e a d s  r e s u l t  i n  
l o s s  of h e r m e t i c i t y .  The e f f e c t s  o f  contaminated ambient have 
been d i s c u s s e d  p r e v i o u s l y ,  
Part Marking - S o l u b l e  i n k s ,  smeared o r  smudged marking,  o r  ab- 
sence  o f  marking a f f o r d  l o s s  of t r a c e a b i l i t y  of s c r e e n e d ,  q u a l i -  
f i e d  p a r t s .  It i s  e s s e n t i a l  t h a t  a  p a r t  be  un ique ly  marked t o  
i n d i c a t e  t h a t  i t  was sc reened  t o  p r e c l u d e  installa.i:ion o f  a n  un- 
q u a l i f i e d ,  uilscreened p a r t .  Use of i n s o l u b l e  i n k s  i s  mandatory. 
A l l  p a r t  marking i s  t o  be  stamped on t h e  can ,  No t a g s  on l e a d s  
o r  cans  which ma.y ou tgas  i n  t h e  usi.ng hardware o r  o t h e r w i s e  dc2- 
grade p a r t  a r e  t o  be  used ,  An e x t e r n a l  v i s u a l  of a l l  p a r t s  w i l l  
e l i m i n a t e  p a r t s  wi th  such e x t e r n a l  d e f e c t s .  
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a. S e l e c t i o n  C r i t e r i a  - Use of a  t r a n s i s t o r  f o r  l o n g - l i f e  a p p l i -  
c a t i o n s  i s  dependent upon t h r e e  f a c t o r s :  1 )  S u i t a b i l i t y  of t h e  
p a . i t f s  e l e c t r i c a l  and mechanical  c h a r a c t e r i s t i c s  f o r  t h e  i n t e n d e d  
a p p l i c a t i o n s ,  2) P a r t  d e s i g n  and c o n s t r u c t i o n  meets env i ronmenta l  
and l i f e  r e q u i r e m e n t s ,  and 3) f a b r i c a t i o n ,  s c r e e n i n g  and q u a l i f i -  
c a t i o n  o f  t h e  p r o d u c t i o n  p a r t s  can b e  accomplished w i t h i n  t h e  pro- 
gram r e l i a b i l i t y  c o s t  and s c h e d u l e  c o n s t r a i n t s .  
I t  is  d e s i r a b l e  t h a t  t h e  a p p l i c a t i o n  of a p a r t  be  t a i l o r e d  t o  t h e  
e s t a b l i s h e d  p a r t  c h a r a c t e r i s t i c s  r a t h e r  t h a n  t h e  p a r t  t o  t h e  ap- 
p l i c a t i o n .  I n  a d d i t i o n ,  t o  minimize e f f o r t ,  p a r t s  w i t h  t h e  optimum 
o p e r a t i n g  c h a r a c t e r i s t i c s  o u t  of a  p roduc t  f ami ly  a r e  d e s i r e d  a s  
p r e f e r r e d  p a r t s  (p rov ided  t h e  y i e l d  of p a r t s  f o r  such  op t imized  
c h a r a c t e r i s t i c s  i s  r e a s o n a b l e ) .  The p r e f e r r e d  p a r t s  shou ld  b e  
used i n  t h e  m a j o r i t y  of d e s i g n s .  
Tab le  5 shows t h e  p a r t  d e s i g n  f a c t o r s  d e s i r e d  f o r  l o n g - l i f e  oper-  
a t i o n .  These d e s i g n  f a c t o r s  a r e  w e l l  w i t h i n  t h e  c a p a b i l i t y  o f  
t h e  i n d u s t r y  a s  most of t h e  p r o c e s s e s  invo lved  a r e  c u r r e n t l y  i n  
use  by semiconductor  i n d u s t r y .  The p r e f e r r e d  d e s i g n s  o r  p r o c e s s e s  
i n d i c a t e d  a r e  s p e c i f i c a l l y  d i r e c t e d  toward s o l u t i o n s  t o  problems 
commonly encountered i n  t r a n s i s t o r s  s p e c i f i c a l l y  o r i e n t e d  t o  l i f e  
l i m i t i n g  problems. Beam l e a d  c o n s t r u c t i o n s  a r e  c u r r e v t l y  i n  pro-  
d u c t i o n  and used on a  l i m i t e d  s c a l e  and shot? rer.1 prociise i n  
s o l v i n g  many p a r t  r e l i a b i l i t y  problems. 
F i n a l l y ,  p a r t s  used i n  hardware in tended  f o r  l o n g - l i f e  must b e  
sc reened  on a  100% b a s i s  t o  remove improper ly  assembled p a r t s ,  
t h o s e  w i t h  l i m i t e d  l i f e ,  and t o  s t a b i l i z e  t h e i r  e l e c t r i c a l  charac-  
t e r i s t i c s  through power ag ing .  The c o n s t r u c t i o n  of t h e  p a r t  and 
t h e  r e l a t e d  t e s t i n g  of t h o s e  p a r t s  must b e  accomplished w i t h i n  t h e  
t i m e  l i m i t s  of t h e  program u s i n g  t h e  p a r t s .  The manufacturer  
s e l e c t e d  t o  supp ly  p roduc t ion  p a r t s  shou ld  have a  s t a b l e  f a c i l i t y  
and l a b o r  s i t u a t i o n ,  t h e  d e s i g n  of t h e  p a r t  f i x e d  and a  r e a s o n a b l y  
c ~ ~ ~ t i n u o u s  p r o d u c t i o n  of t h a t  p a r t .  It i s  d e s i r e d  t h a t  t h e  manu- 
E , + t t u r e r s  used have a  s u f f i c i e n t  volume c a p a c i t y  t o  meet q u a n t i t y  
requ i rements  i n  a s  few l o t s  as p o s s i b l e .  I n  a d d i t i o n ,  t h e  p r o d u c t s  
of t h e  l a r g e r  volume s u p p l i e r s  t end  t o  b e  more homogeneous. The 
s p e c i f i c a t i o n s  used t o  a c q u i r e  sc reened  and q u a l i f i e d  p a r t s  must 
be  n e g o t i a b l e  by bo th  t h e  buyer and t h e  p a r t  manufac tu re r .  . 
b e  iZei:z~LL-s 0.f ,5'1,n)oi~?$ .-. A izotal of t w e l v e  separa . te  u s i n g  a g e n c i e s ,  
NASA. z i i i c i  prf . 'v 'z t~  .ii;di#:;i:rjr, W C ~ E  c o n t a c t e d  regarcling t h e  u s e  and 
i 0 C n o  T e n  !-j~?micond.uctor nalnuf aci:urer co r l t ac t s  
were ruadct in i:hz ~ O W C ~  ::ilci:.~l~..l. :signal and FEY p roduc t  c a t e g o r i e s  
r e g a r d i n g  tai l .ure lilccl-ranisiii:; and p r a c t i c a l  t e s t  i t~ethodology,  
A l l  p a r t  u s e r s  i n d i c a t e d  s i g l ~ i l i c a n i l  f a i l u r e  h i s t o r i e s  u t i l  i z l ' ng  
TX t y p ~  s;cbrccn ill,?; ~ n d  ;r i I. inrli c a t e d  t h a t  e i i c l r ?  beyond TX act  ixi - 
L i es wa ; -I cqrr i -r (.ti Tor t -hc i r  c x i s t  ing progw ,inis i.o o b i a i n  good 
p a r t s .  T a b l e  6 ~ l l o ~ s  t h e rwce  uni-q~te approaches  o r  t e s t s  used  
by t h e  a g e n c i e s  and con~panies  su rveyed .  
Al l  manuEacturers showed concern  Tor p a r t  E a i l u r e s  o n l y  when Lhe 
numbci-s wo~llcl s i g n  i r i c a n r  I y  a r f c c t  y i e l d s .  A l  L consiclered d i e  
fabr-i-cation and process i r rg  p r o p r i e t a r y ,  b u t  i n d i c a t e d  t h e  1;irgeat  
y i  c l d  Losses  were r c j  cc ter l  die dziri-ng e l c c  f-r  Leal chccle of t h e  
w a f e r .  Most i n d i c a e e d  t h a t  t h e i r  p r o c e s s  c o n i r o l s  I n  1-he di c. 
Kabric:ir i o n  area were s u l i i c i e n t  t o  o b t a i n  goocl y i e l d s .  S e v e r a l  
i n d i c a ~ e d  i n t e r e s t  i n  be<jrn l cad manufac tu re  and a  few i n d i c a t e d  
actual p r o d u c t i o n ,  Most i n d i c a t e d  a need f o r  market  demand b e f o r e  
comnrni t~r~~~r~f-  t o  :;ltr_i-i , new prorluc"cevelopment:. One o r  two sup-  
p l i e r s  indicat-ed t i le  a ~ a i l ~ i ' u i l i t y  of a  " c o n t r o l  l i n e "  concept  
where p a r t  u s e r s  could i~nisosc j n  procea:; con t - ro l s  on assembly 
and i n s p e c t i o n  01 i h e i r  p ~ r  i s dur i r lg  t h e  t i m e  o i  i d b r i c a t i o n ,  
T h i s  d i f f e r s  from a  " c a p t i v e  Line" approach where t h e  user9:; 
p a r t s  a r e  t h e  o n l y  p a r t s  f a b r i c a t e d  on t h a t  l i n e  f o r  a n  extended 
p e r i o d  of t ime .  A " c o n t r o l  l i n e "  s i t u a t i o n  a p p e a r s  t o  b e  con- 
s i d e r a b l y  cheaper  t h a n  a  " c a p t i v e  l i n e "  approach ,  b u t  a l lows  t h e  
u s e r  t h e  same p r i v i l e g e s .  S u c h  a  s i t u a t i o n  would r e a d i l y  a l l o w  
t h e  100% s o u r c e  i n s p e c t i o n  o i  p a r t s  b u i l t  f o r  a  p a r t i c u l a r  u s e r  
and c o n t r o l  of c r i t i c a l  assenlbly and i n s p e c t i o s l  p r o c e s s e s  which 
a r e  t h e  major  s o u r c e s  of t r a n s i s  t o r  f a i l u r e s  a 
c. Alternate Approaches - T a b l e  7 shows t h e  a l t e r n a t e  approaches  
i n  t h e  u s e ,  d e s i g n ,  f a b r i c a t i o n  and test  of t r a n s i s t o r s .  Where 
p o s s i k l c ,  i n t e g r a t e d  c i r c u i t s  shou ld  b e  used where t h e i r  dynamic 
c h a r a c t e r i s t i c s  and power d i s s i p a t i o n  l i m i t a t i o n s  a r e  no t  a prob- 
Lcm. Tire  rrse o f  1 , C .  ' s  g r e a t l y  r educes  t h e  number of c i r c u i t  
connect  ions  r e q u i r  cd and a r f o r d s  lower  w e i g h t ,  power consumption,  
and % r i ~ ~ p e c a t u r e  c o n t r i b u t i o n  t o  t h e  t o t a l  sys tem.  
Table 5 SeZection Cr i t e r ia  
I- - 1 
Design F a c t o r  
-- - 
D I E  
S t a r t i n g  M a t e r i a l  
C o n s t r u c t i o n  
Remarks 
. . .. ...., .. . . . . ..-" a,-,..-<.v..- . . - - - -  - -.- 
S i l i c o n  should be  used.  Germanium h a s  s e v e r e  l eakage  l i m i t a t i o n s  w i t h  t empera tu re  
P lanar  p r o c e s s  should be used.  Mesa a l l o y  and grown j u n c t i o n  p r o c e s s  p r e s e n t  
l i m i t a t i o n s  t o  performance o r  l i f e  n o t  encountered i n  p l a n a r  d e v i c e s .  
0 D 
M e t a l l i z a t i o n  I Thickness  minimum of 10,000 A t o  r e d u c e  e l e c t r o m i g r a t i o n  e f f e c t s  i n  i n < e r d i , g i t a t s d  
4 geomet r ies  ( c u r r e n t  d e n s i t i e s  should  be  5 X 10 A/cm2 max). Large uniform Aluminum most 1 g r a i n  s t r u c t u r e s  a r e  d e s i r e d  t o  reduce e l e c t r o m i g r a t i o n  e f f e c t s  i n  i n t e r d i g i -  
common t a t e d  geomet r ies .  Wire bond s u r f a c e s  should be  1 . 0  x  t h e  f i n a l  bond a r e a  Gold-Moly/Tungsten 
a t o  p r o v i d e  adequate  bond, Widths should be adequa te  t o  keep c u r r e n t  p r e f e r r e d  
r d e n s i t i e s  below 5 IC l ~ ~ A / c r n ~ .  S e p a r a t i o n s  should be adequa te  t o  p reven t  
corona d i s c h a r g e  i n  h igh  v o l t a g e  d e v i c e s .  
i 
P a s s i v a t i o n  
Pcs ts 
Weld S p l a c  Ter 
S h i e l d s  
1 Thermally grown o x i d e s  most p r e f e r r e d  and t h e  h i g h e r  t h e  t empera tu re  d u r i n g  i ? growing, t h e  b e t t e r  t h e  ox ide .  G l a s s i f i e d  d i e  (over  m e t a l l i z a t i o n )  y r e f c r r e d  
; G l a s s  immobilizes o r  s h i e l d s  o u t  p a r t i c l e  con tamina t ion  and 
I protects n m e t a l g i z a t i o g  from s c r a t c h i n g  and smear ing.  S u r f a c e  pass iva t io f i  also 
reduces  e f f e c t s  of channel  forming con taminan ts .  P a i n t s  and v a r n i s h e s  u n d e s ~ r a b l e -  
- ".A- - 7- . .a- 
I 
! 
R e i s h t  should  6 e  s u f f i c i e n ~  t o  p r e v e n t  do\& - bending b u t  n o t  h i g h  
I :nough t o  s h o r t  t o  cap .  P 
I n  power d e v i c e s ,  t h e  d i e l e c t r i c  i n s u l a t o r  shou ld  be  p r o p e r l y  suppor ted  
I mechan ica l ly  and p r o v i d e  adequa te  the rmal  i n t e r f a c e  t o  p r o v i d e  low 0 j c  
1 90-18, TO-5 t y p e  h e a d e r s  should  b e p l a t e a u  t y p e  t o  keep weld s l a g  and s p l a t c e r  
f o f f  ;he d i e .  Power d e v i c e s  should have h e a d e r s  which keep weld s l a g  and 
s p l a t t e r  from r e a c h i n g  d i e .  4 
Oie Attachment Xri tec t ic  bond o n l y .  Epoxy o r  g l a s s  f r i t  bonds a r e  unaccep tab le  f o r  lorig 
I term p a r t  s e w i c e .  
C o n f i g u r a t i o n  
i 
Mono-metall ic i n t e r c o n n e c t  systems p r e f e r r e d .  Au-Au most d e s i r a b l e  b u t  f c c  
vendors  have t h n s  a b i l i t y  ( a l s o ,  f u r t h e r  work r e q u i r e d  i n  a r e a  of p r o c e s s  
t echnology) ,  A l - A 1  n e x t  b u t  bonding t o o l ,  energy ,  p r e s s u r e  and d u r a t i o n  nust 
be c o n t r o l l e d  c l o s e l y  t o  p reven t  p-cracking a t  d i e  bond h e e l .  Au-A1 sysrcTs 
a r e  predominant and a r e  a c c e p t a b l e  when t e m p e r a t u r e ,  p r e s s u r e  and d u r a t i o q  
a r e  p roper  t o  p r e c l a d ?  fo rmat ion  of u n d e s i r a b l e  i n t e r m e t a l l i c s .  Somemanufac$urers 
cap perform a l .OO~.~on-dest ruct iv .e  bond p u l l  t e s t ,  
Most manufac tu re r s  do p e r i o d i c  d e s t r u c t  bond p u l l  on sample 
b a s i s  f o r  each s t a t i o n / o p e r a t o r ,  Wire d i a m e t e r s  shou ld  p rov ide  suff ic ienf :  
c u r r e n t  c a p a b i l r t y  margin t o  p r e v e n t  opens.One m i l  d i a .  w i r e  minimum. 
r Hermetic s e a l s  o n l y ,  w i t h  s t i f f  c o n t r o l s  over  b a c k f i l l  t o  e l i m i n a t e  H 0: i! 
F 2  2 1 e t c ,  P l a s t i c  u n a c c e p t a b l e ,  Beam l e a d  and S i l i c o n  N i t r i d e  a  possibility, 
b g t  n o r e  work r e q u i r e d  t o  prove h e r m e t i c i t y  and s t a b i l i t y  w i t h  t ime and 
t e rcpera tu re .  Leak r a t e s  of 5 x lo -$  Atm/cc/sec max on h e r m e t i c  s e a l s ,  
Backa.ge and l e a d  m a t e r i a l s  should  be n i c k e l  o r  gold  p l a t e d  Kovar t o  minimize 
l e a d  o r  c a s e  c o r r o s i o n  d ~ l e  t o  h a n d l i n g  o r  o t h e r  e x t e r n a l  environments .  
Should p r o v i d e  adequa te  mechanical  i n t e g r i t y  f o r  h a n d l i n g  d u r i n g  i n s t a l l a t i o n  
and d u r i n g  p a r t  t e s t s .  These a r e  t h e  most s e v e r e  environments t h e  p a r t  w i l l  
encounte r .  F l i g h t  and hardware qua l  environments  a r e  benign compared t o  
t r e2 tment  ? = r i n g  s h i p p i n g  and i n s t a l l a t i o n ,  
Stud corque s t r e n g t h  shou ld  be  adequate  t o  p r o v i d e  p r o p e r  i n t e r f a c e  witla 
mounting s a r f a c e .  F i n i s h e s  ana f l a t n e s s  shou ld  be  adequate  t o  p reven t  voids 
r n c r e a s i ~ l g  the rmal  impedance c a s e  t o  h e a r  s i n k .  'T, C .  misrrtatches between 
d i e  and h e a d e r  shou ld  be a n t i c i p a t e d  and compensated f o r  by t h i c k e r  e u t e c t i c s  
o r  T o @ .  matching phase  such a s  ceramic  i n s u l a t o r s ,  
P a r t i i s  a c t i v e l y  produced by more t h a n  one manufac tu re r  and h a s  had a c m p t -  
a b l e  p a s t  usage  h i s t o r y ,  P a r t  obso lescence  must n o t  b e  imn~inent t o  avord 
procureme1:c problems. Produc t ion  of p a r t s  must be s t a b l e  and r e a s o n a b l y  
contiiguous t o  avoid  s t s r t u p / s h u t d o w n  problems w i t h  p r o d u c t i o n .  L a r g e r  ~so l~ i ine  
manufac tu re r s  w h i l e  somewhat l e s s  c o o p e r a t i v e ,  p r o v i d e  more s t a b i l i t y  than  
senall houses ,  
- - 
Mesa c o n s t r u c t i o n  r e q u i r e d  f o r  h i g h  v o l t a g e  d e v i c e s .  
Based upon t h e  fact t h a t  Al h a s  a low a c t i v a t i o n  energy  and Ag h a s  a r e l a t i v e  
h i g h  a c t i v a t i o n  energy,  Vendors p r e f e r  t o  u s e  s i n g l e  Al m e t a l l i z a t i o n  because 
o f  t h e  r e l a t i v e l y  s l m p l e  p r o c e s s e s ,  Gold i s  more expens ive  and t h e  p r o c e s s e s  
t e d i o u s .  Although n o t  s o  r e a d f l y  a v a i l a b l e ,  g o l d  shou ld  be  more r e l i a b l e ,  
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APPROACH ADVmTAGE DISADVANTAGE 
I Use In t eg ra t ed  
C i r c u i t s  
- . - - - - - -- 
3 s e  Gold Metal- ' l i z a t i o n  /Gold 
in t e rconnec t  wire  
bond system, 
I 
I 
Phosphos i l ica te  
g l a s s  p r o t e c t i o n  
of m e t a l l i z a t i o n  ( i n  i n t e r d i g i t a t e d  1 geometries.' 
Reduced number of in te rconnect  j o i n t s  
f o r  same c i r c u i t  funct ion.  A l l  c i r c u i t  
elements i n  one d ie .  Lower power d i s -  
s i p a t i o n ,  opera t ing  temperature,  and 
component weight. 
- - -- - - -- - -- - - - - -- - 
St reng th  of gold thermal compression 
bonds and gold wire  obtained wi thout  
i n t e r m e t a l l i c  compound formation. Gold 
m e t a l l i z a t i o n  l e s s  prone t o  e l e c t r o -  
migra t ion ,  
-- -- 
P r o t e c t s  m e t a l l i z a t i o n  from sc ra t ches .  
Sh ie lds  ou t  and immobilizes p a r t i c u l a t e  
contamination. Ge t t e r s  a l k a l i  ions.  
F a i l u r e  a n a l y s i s  of 
c i r c u i t  more d i f f i c u l t .  
. . - - - - 
More expensive. Few 
s u p p l i e r s  have capa- 1 
b i l i t y .  In te rmedia te  1 
s t ages  r equ i r ed  a t  B 
c on tac t  window t o  pre-  1 
c lude  gold migra t ion  i n t o  
s i l i c o n .  Molybdnum, I 
plat inum commonly used. I 
. . . -7 
Addi t iona l  process  s t e p s  
requi red .  May have an 
adverse a f f e c t  on y i e l d  
Sea l s  imperfect  oxides.  i f  process  i s  n o t  con- 
t r o l l e d .  I I 
i 
-- i. ---. --- - - E  
Processes  and c o n t r o l s  " 
more involved. F a i l u r e  
e l imina t ing  in te rconnect  wires .  Die mechanisms not y e t  com- 1 
supported by gold beams e l imina t ing  p l e t e l y  understood. Only ' 
e u t e c t i c  d i e  mounts and r e l a t e d  a  few s u p p l i e r s  a c t i v e l y  
voiding problems. produce beam l e a d  devices  
I Power handl ing c a p a b i l i t y  1 
I of same s i z e  d i e  reduced 
i c  e f f i c i ency .  Avail- e s t i n g  more d i f f i c u l t ,  
l manufacturers.  
f - - - 
I I Parameter Provides v i s i b i l i t y  i n t o  p a r t  
I D r i f t  Screening s t a b i l i t y  with time, Unstable p a r t s  
! can  be e l imina ted ,  P a r t s  with s h o r t  
p red ic t ed  l i f e  can be e l imina ted ,  
Very expensive. 
The use  of gold  molybdenum m e t a l l i z a t i o n  w i t h  1 1 n i l  gold  w i r e  
the rmal  compression bonds is  sugges ted  f o r  a l l  t r a n s i s t o r s  cur-  
r e n t l y  u s i n g  1 m i l  i n t e r c o n n e c t  w i r e s .  The advantages  a r e  
e l i m i n a t i o n  of p o t e n t i a l  i n t e r m e t a l l i c  fo rmat ion  and K i r k e n d a l l  
v o i d i n g  where go ld  w i r e s  a r e  connected t o  A1 m e t a l l i z a t i o n ,  
a n n e a l i n g  and w i r e  f a t i g u e  where aluminum w i r e s  a r e  used ,  and 
i n  expanded c o n t a c t s  r e d u c t i o n  i n  e l e c t r o m i g r a t i o n  e f f e c t s  due 
t o  t h e  i n c r e a s e d  d e n s i t y  requirement  t o  move go ld  atoms. Most 
power t g a n s i s t o r s  c u r r e n t l y  u s e  3-5 m i l  A 1  i n t e r c o n n e c t s  t o  
10,000 A t o  50,000 1 m e t a l l i z a t i o n  f i l m s .  These  a r e  h i s t o r i c a l l y  
v e r y  s t a b l e  sys tems and shou ld  n o t  b e  changed. 
The use  of p h o s p h o s i l i c a t e  g l a s s e s  o v e r  m e t a l l i z a t i o n  i s  recom- 
mended f o r  i n t e r d i g i t e d  geomet r ies  which have expanded c o n t a c t s .  
The advantages  a r e  p r o t e c t i o n  of t h e  m e t a l l i z a t i o n  from s c r a t c h e s ,  
smears and p a r t i c u l a t e  con tamina t ion ;  g e t t e r i n g  of a l k a l i  i o n s  
i n  and on o x i d e s ;  s e a l i n g  of d i s c o n t i n u i t i e s  i n  the rmal  o x i d e s ;  
and r e d u c t i o n  of t h e  e f f e c t s  of e l e c t r o m i g r a t i o n  i n  t h e  aluminum 
f i l m s .  Th is  t e c h n i q u e  would n o t  s i g n i f i c a n t l y  improve p a r t s  w i t h  
d i r e c t  c o n t a c t s  s i n c e  t h e  A 1  m e t a l l i z a t i o n  i s  u s u a l l y  t o t a l l y  
invo lved  i n  t h e  bond. 
One of t h e  promising developments i n  t h e  semiconductor  a r e a  i s  
t h e  beam l e a d  package.  Gold beams a r e  connected t o  t h e  c o n t a c t  
windows and t h e  d i e  cover  i s  s i l i c o n  n i t r i d e  (SiN3) p a s s i v a t i o n .  
The d i e  i s  a t t a c h e d  t o  t h e  e x t e r n a l  p i n s  f a c e  down t o  bonding 
pads (Refe rence  28 ) .  T e s t i n g  performed on t h i s  c o n s t r u c t i o n  i n -  
d i c a t e s  t h a t  SiN3 e n c a p s u l a t i o n  i s  v i r t u a l l y  h e r m e t i c  and o f f e r s  
s e v e r a l  advantages  i n  p a r t  assembly o v e r  s t a n d a r d  t e c h n i q u e s .  
The gold  beams e f f e c t i v e l y  e l i m i n a t e  m e t a l l i z a t i o n  on most s m a l l  
s i g n a l  t r a n s i s t o r s  and t h e  SiN3 a c t s  a s  a  g e t t e r  t o  a l k a l i  con- 
t aminan ts  u s u a l l y  p r e s e n t  i n  s t a n d a r d  d i f f u s i o n  t e c h n i q u e s .  
More t e s t i n g  needs  t o  be done t o  unders tand t h e  p o t e n t i a l  f a i l u r e  
mechanisms and r i s k s  invo lved  i n  u s i n g  t h i s  technology.  The power 
d i s s i p a t i o n  and f requency  l i m i t a t i o n s  of t h e s e  d e v i c e s  a s  compared 
t o  s t a n d a r d  t e c h n i q u e s  a l s o  needs t o  be  i n v e s t i g a t e d .  The in -  
d u s t r y  a l s o  needs  t o  s t a b i l i z e  p r o c e s s i n g  and p roduc t ion  t o  pro- 
v i d e  a  c o n s i s t e n t  product  and p r o v i d e  a  wider  v a r i e t y  of p r o d u c t s .  
I n  t h e  a r e a  of packaging,  b e t t e r  v o l u m e t r i c  e f f i c i e n c y  can be 
achieved by packaging m u l t i p l e  d i e  i n  s t a n d a r d  I . C .  packages.  
Power d i s s i p a t i o n  f o r  each d i e  i s  reduced ,  b u t  i n  many a p p l i c a -  
t i o n s  where t h e  use  of t h e  same d e v i c e  i s  r e p e a t e d  i n  a  c i r c u i t  
and power l e v e l s  a r e  r e a s o n a b l e ,  t h i s  packaging approach is much 
more e r f i c i e n t  t h a n  i n d i v i d u a l  d i e  i n  one package.  S e v e r a l  p a r t  
manufac tu re r s  o f c e r  m u l t i p l e  die i n  one package a s  a s t a n d a r d  
p r o d u c t ,  
In the area of screening, a method of screening which is effec- 
tive in detecting electrically unstable parts is parameter drift 
screening, This technique involves monitoring key electrical 
parameters for each part and plotting their variation with time. 
A figure of merit for each parameter is determined based on a 
prediction of when that parameter will fail to meet specified 
limits. Parts with high figure of merit are selected for use in 
flight hardware. Parts with unpredictable characteristics are 
rejected, 
d. Hardware L i f e  - There are no verified wear out mechanisms for 
transistors. However, there are some known failure mechanisms 
which are governed by timeltemperature dependent chemical and 
physical processes which could be classified wear out mechanisms 
even under normal part operating conditions. 
Three examples are: Accumulation of ionic contamination in bulk 
dislocations affecting leakage and gain, intermetallic compound 
formation in bimetallic bonding systems leading to weak or open 
interconnects, and metallization migration in expanded contact 
devices leading to open metal paths on the die. These three have 
been discussed in the previous section dealing with failure 
mechanisms. 
The first seems to be unavoidable at the present state of semi- 
conductor processing. The other two can be eliminated with the 
use of a gold-interconnect system. The transistor industry, in 
general, uses aluminum metallization to make contact between the 
interconnect wire and the silicon and few are manufacturing die 
with gold metallization. 
e .  Application Guidelines - Five things should be considered in 
the proper application of a transistor: 1) parameter requirements 
(i.e. the parameters that are specified or agreed to by the manu- 
facturer are realistic and are adequate to meet the needs of the 
application); 2) maximum voltage and current ratings are not ex- 
ceeded; 3) Junction temperature is kept below an acceptable maxi- 
mum; 4) timeltemperature dependent parameters are properly derated 
to account for their drift; and 5)- the part is installed in a 
manner which will preclude damage due to undue mechanical stress, 
Suitability of the part's parameters for the application is very 
important to obtain reliable hardware performance. A11 pertinent 
part characteristics must meet the needs of the circuit design, 
However, it is undesirable to tailor part characteristics beyond 
their normal limits to optimize circuit performance. To do so 
usually requires process changes by the part manufacturer which 
quite frcqucntly produces poor yields and a less reliable part, 
Secondly a n  assessment  of t h e  accuracy  of  t h e  m a n u f a c t u r e r ' s  
s p e c i f i c a t i o n  of p a r t  pa ramete r s  shou ld  b e  made, by t e s t ,  t o  
p r e v e n t  d e l a y s  i n  d e l i v e r y  of p a r t s  and d e s i g n  changes (e .g .  a  
common cendency by some p a r t  manufac tu re r s  i s  t o  b e  o p t i m i s t i c  
about s w i t c h i n g  speed  c a p a b i l i t i e s  f o r  s a l e s  purposes ) .  
D e r a t i n g  of  p a r t  c h a r a c t e r i s t i c s  t a k e s  two forms: 1 )  s a f e t y  f a c -  
t o r s  t o  p r e v e n t  p a r t  damage o r  premature  f a i l u r e ,  and 2 )  d r i f t  
margin t o  compensate f o r  n a t u r a l  pa ramete r  f l u c t u a t i o n s  w i t h  
t ime  and t e m p e r a t u r e ,  P a r t  pa ramete r s  which come under t h e  f i r s t  
d e r a t i n g  c l a s s i f i c a t i o n  a r e  t h e  minimum o r  maximum c u r r e n t ,  
v o l t a g e ,  power, and j u n c t i o n  t e m p e r a t u r e  c o n d i t i o n s  under which 
t h e  p a r t  can b e  r e l i a b l y  o p e r a t e d .  The second c a t e g o r y  d e a l s  
w i t h  t h o s e  pa ramete r s  which i n f l u e n c e  c i r c u i t  o p e r a t i o n  such  a s  
g a i n ,  l e a k a g e ,  c u r r e n t ,  s w i t c h i n g  c h a r a c t e r i s t i c s ,  forward 
v o l t a g e  d r o p ,  n o i s e  f i g u r e ,  e t c .  
D e r a t i n g  e l e c t r i c a l  and t h e r m a l  l i m i t s  i s  an a d v i s e d  p r a c t i c e  t o  
p r o t e c t  d e v i c e s  from damage and s h o r t e n e d  l i f e .  Reverse  break-  
down v o l t a g e s  (BVCBO,  BVEBO. BVCES, e t c )  s h o u l d  b e  d e r a t e d  when 
u n c e r t a i n t y  e x i s t s  i n  t h e  e x a c t  maximum v o l t a g e  l e v e l s  p o s s i b l e  
a t  t h e  p a r t  t e r m i n a l s  under  a l l  o p e r a t i n g  c o n d i t i o n s  o r  when t h e  
a c t u a l  breakdown v o l t a g e  of each p a r t  i n s t a l l e d  i n  t h e  hardware 
i s  known on ly  t o  b e  above a  c e r t a i n  s p e c i f i e d  minimum v a l u e .  The 
v a l u e s  s e l e c t e d  i n  t h e  p a s t  s e e m  t o  b e  a r b i t r a r y  b u t  appear  t o  b e  
r e a s o n a b l e  and e f f e c t i v e .  Foreward breakdown ( B V ~ ~ ~  B V ~ ~ ~  e t c )  
shou ld  b e  l i m i t e d  by a  s a f e  o p e r a t i n g  a r e a  (SOA) curve  (Acceptable  
C o l l e c t o r  C u r r e n t  p l o t t e d  v e r s u s  Accep tab le  C o l l e c t o r - E m i t t e r  
v o l t a g e  a t  f i x e d  j u n c t i o n  t empera tu re )  . 
T h i s  c u r v e  s h o u l d  b e  p l o t t e d  f o r  any b i p o l a r  t r a n s i s t o r  used and 
t h e  c o l l e c t o r  c u r r e n t  and v o l t a g e  a p p l i e d  must b e  below t h e  s a f e  
l i m i t s  t o  p r e c l u d e  secondary  breakdown and t h e r m a l  runaway. The 
m a n u f a c t u r e r ' s  r a t e d  BV d i s p l a y e d  on t h e  SOA curve  shou ld  be  CEO 
d e r a t e d  i f  u n c e r t a i n t y  e x i s t s  i n  maximum a p p l i e d  v o l t a g e  ( s t e a d y  
s t a t e  and peak) o r  i f  e x a c t  v a l u e s  o f  breakdown f o r  each p a r t  a r e  
n o t  lcnown. For  power t r a n s i s t o r s  t h e  secondary breakdown v o l t a g e  
t h r e s h o l d  i s  f i x e d  and t h e  t r a n s i s t o r  can b e  p r o t e c t e d  by d e r a t i n g  
c o l l e c t o r  c u r r e n t  a t  t h e  secondary  breakdown p o i n t .  
Dera t i r lg  c u r r e n t ,  when not already i n f l u e n c e d  by t h e  power l i m i -  
t a t i o n s  of t h e  p a r t ,  u s u a l l y  i s  done t o  reduce  c u r r e n t  d e n s i t i e s  
i n  m e t a l l i z a t i o n  f i l m s  and i n t e r c o n n e c t  w i r e s  and c u r r e n t  crowding 
i n  t h e  j u n c t i o n .  Again,  t h e  v a l u e s  used i n  t h e  p a s t  appear  t o  b e  
a r b i t r a r y  b u t  can b e  d e r i v e d  from a c c e p t a b l e  c u r r e n t  d e n s i t i e s  i n  
j u n c t i o n s  and i n t e r c o n n e c t s .  Such knowledge i s  n o t  normal ly  a v a i l -  
a b l e  from p a r t  manufac tu re r s  and must b e  o b t a i n e d  by a c t u a l  t e s t  
o r  a n a l y s i s  of p a r t  d e s i g n  and c o n s t r u c t i o n .  
Power and j u n c t i o n  t e m p e r a t u r e  d e r a t i n g  a r e  i n t e r d e p e n d e n t .  The 
j u n c t i o n  t empera tu re  of a  t r a n s i s t o r  i s  g iven  by t h e  fo rmula  T. = 
3 -
T  C PO where T  i s  j u n c t i o n  t e m p e r a t u r e ,  P i s  power d i s s i p a t i o n ,  
x x j 
T  i s  e i t h e r  c a s e  t e m p e r a t u r e  ( T ~ )  o r  ambient t e m p e r a t u r e  
X 
0 i s  t h e  the rmal  impedance e i t h e r  j u n c t i o n  t o  c a s e  ( O j c )  o r  junc-  
X 
t i o n  t o  ambient ('id . Thermal impedance i s  a  c o n s t a n t  f o r  each  
t r a n s i s t o r  t y p e  and is dependent  upon p a r t  c o n s t r u c t i o n .  The de- 
s i r e d  method of c o n t r o l l i n g  power d i s s i p a t e d  is t o  l i m i t  t h e  max- 
imum j u n c t i o n  t e m p e r a t u r e  t o  an  a c c e p t a b l e  v a l u e ,  t h e n  compute 
a l l o w a b l e  power by t h e  above formula .  The a c c e p t a b l e  l i m i t  on 
j u n c t i o n  t empera tu re  i s  fundamenta l ly  based on t h e  a c t i v a t i o n  
energy f o r  t h e  f a i l u r e  mechanisms of  t h e  p a r t  and t h e i r  r e l a t e d  
r e a c t i o n  r a t e s .  A c c e l e r a t e d  l i f e  t e s t i n g  h a s  y i e l d e d  such  i n -  
fo rmat ion  (Refe rence  29) .  
V a r i a t i o n s  of l e a k a g e  and g a i n  w i t h  t empera tu re  a r e  governed by 
a few s imple  r u l e s .  B i p o l a r  g a i n  changes about  0.7% p e r  O C  change,  
i n c r e a s i n g  o r  d e c r e a s i n g  w i t h  t empera tu re  over  most c o l l e c t o r  cur -  
r e n t  r anges .  There  is  a  p o i n t  where g a i n  h a s  a  n e g a t i v e  t empera tu re  
c o e f f i c i e n t  (TC) and i t  i s  d i f f e r e n t  f o r  each p a r t .  T h i s  p o i n t  o f  
change of TC of g a i n ,  commonly c a l l e d  c r o s s o v e r  p o i n t ,  shou ld  b e  
determined f o r  each t y p e  d u r i n g  p a r t  e v a l u a t i o n .  I f  upper bounds 
a r e  n o t  s p e c i f i e d  f o r  g a i n  o r  g a i n  bandwidth a l l o w  adequa te  margin 
t o  p reven t  o v e r d r i v i n g .  D e r a t i n g  used i n  t h e  p a s t  f o r  a g i n g  seems 
t o  be  a r b i t r a r y  b u t  shou ld  b e  provided based on d a t a  o b t a i n e d  i n  
q u a l i f i c a t i o n .  F i e l d  e f f e c t  t r a n s a d m i t t a n c e  (yfs) v a r i e s  about 
0 . 4 % / O C  w i t h  t e m p e r a t u r e ,  d e c r e a s i n g  w i t h  i n c r e a s i n g  t e m p e r a t u r e  
and i n c r e a s i n g  w i t h  d e c r e a s i n g  t empera tu re .  Aging e f f e c t s  shou ld  
b e  d e r a t e d  based on q u a l i f i c a t i o n  d a t a .  
Leakage c u r r e n t s  t y p i c a l l y  double f o r  every 1 0 ° C  r i s e  i n  tetnpera- 
t u r e  b u t  t h i s  a g a i n  v a r i e s  from p a r t  t o  p a r t  depending upon s u r -  
f a c e  and b u l k  v a r i a t i o n s .  Doubling t h e  s p e c i f i e d  v a l u e s  f o r  ag ing  
is an a c c e p t a b l e  way of  compensating f o r  l e a k a g e  i n c r e a s e s  w i t h  
l i f e .  
D e r a t i n g  s w i t c h i n g  t i m e  i s  u s u a l l y  a  p r a c t i c e  t o  account  f o r  t h e  
optimism of  t h e  p a r t  manufac tu re r s  and p r o v i d e  adequa te  t i m i n g  
margins.  Other  p a r t  c h a r a c t e r i s t i c s  shou ld  b e  d e r a t e d  where l i f e  
t e s t i n g  i n d i c a t e s  a  t ime  dependence. 
The l a s t  p a r t  a p p l i c a t i o n  c o n s i d e r a t i o n  is  mounting and mechanical  
p r o t e c t i o n .  I n  g e n e r a l ,  most p a r t  t e s t  l e v e l s  f a r  exceed t h e  
a p p l i c a t i o n  requ i rements ,  b u t  n a t u r a l  v i b r a t i o n  modes, and s t r e s s  
a m p l i f i c a t i o n  f a c t o r s  must be  cons idered  t o  p r e c l u d e  damaged p a r t s .  
T h i s  i s  e s p e c i a l l y  impor tan t  i n  l a r g e  mass power d e v i c e s .  S tud  
t o r q u e  s h o u l d  be k e p t  below t h e  maximum v a l u e  s p e c i f i e d  by t h e  
manufac tu re r ,  b u t  a t  a  l e v e l  s u f f i c i e n t  t o  p r o v i d e  good the rmal  
c o n t a c t .  S o l d e r  t empera tu res  d u r i n g  hookup shou ld  b e  c a r r i e d  
away from t h e  d i e  when p o s s i b l e .  Adequate the rmal  t r a n s f e r  i s  
e s s e n t i a l  f o r  a l l  d e v i c e s  which a r e  o p e r a t i n g  n e a r  r a t e d  j u n c t i o n  
temperature .  Thermal a n a l y s i s  f o r  a l l  p a r t s  i s  as impor tan t  a s  
e l e c t r i c a l  a n a l y s i s  f o r  r e l i a b l e  p a r t  o p e r a t i o n .  
Tab le  8 shows t h e  c u r r e n t  and p a s t  d e r a t i n g  p o l i c i e s  used by 
s e v e r a l  p a r t  u s e r s .  Da ta  was ob ta ined  v i a  su rvey  and review of 
program documentat ion.  
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TEST METHODOLOGY AND REQUIREMENTS 
Q u a l i f i c a t i o n  
Q u a l i f i c a t i o n  of t r a n s i s t o r s  i s  u s u a l l y  done t o  de te rmine  t h e  
a b i l i t y  of a  p a r t  t y p e  t o  meet t h e  in tended  s t r e s s e s  of t h e  ap- 
p l i c a t i o n  and t h e  l i f e  requ i rements  of t h e  hardware t o  v e r i f y  
t h e  m a n u f a c t u r e r ' s  a b i l i t y  t o  b u i l d  a  sound p a r t  and t o  v e r i f y  
t h a t  s c r e e n i n g  t e s t s  can d e t e c t  weak p a r t s  w i t h o u t  degrading 
sound p a r t s .  There a r e  s e v e r a l  t y p e s  of q u a l i f i c a t i o n ;  one t i m e  
p a r t  and s u p p l i e r  q u a l i f i c a t i o n ,  l o t  q u a l i f i c a t i o n  where a  sample 
of each o r d e r  of p a r t s  is  q u a l i f i e d ,  p e r i o d i c  q u a l i f i c a t i o n  where 
a t  r e g u l a r  i n t e r v a l s  samples of each  t y p e  produced w i t h i n  a  s p e c i -  
f i e d  p e r i o d  of t i m e  are p u t  t o g e t h e r  i n  a l o t  and t e s t e d ,  q u a l i f i -  
c a t i o n  by a n a l y s i s  of p a r t  d e s i g n  and c o n s t r u c t i o n ,  and a  rev iew 
of p a s t  p a r t  performance and t h e  p r o c e s s e s  used t o  f a b r i c a t e  i t .  
Most q u a l i f i c a t i o n  of p a r t s  and s u p p l i e r s  f o r  h i - r e l  programs i s  
a  combinat ion of t h e s e  and u s u a l l y  i n v o l v e s  d i r e c t  t e s t  and u s e  
of d a t a  o b t a i n e d  by o t h e r  us ing  programs. 
One t i m e  q u a l i f i c a t i o n  i s  u s u a l l y  performed a s  a  s o u r c e  s e l e c t i o n  
and e v a l u a t i o n  t echn ique ,  where a n a l y s i s  of p a s t  performance and 
p a r t  d e s i g n  and c o n s t r u c t i o n  i s  done t o  narrow t h e  f i e l d  of sup- 
p l i e r s .  Lot q u a l i f i c a t i o n  is  normal ly  performed where q u a n t i t i e s  
and f requency of buy a r e  l i m i t e d .  P e r i o d i c  q u a l i f i c a t i o n  i s  com- 
mon where q u a n t i t i e s  a r e  l a r g e  and procurement i s  made f r e q u e n t l y .  
Q u a l i f i c a t i o n  tests h i s t o r i c a l l y  have been l i m i t e d  t o  t e s t i n g  t h e  
l i f e  and d u r a b i l i t y  of a  p a r t  t o  s p e c i f i e d  l i m i t s ,  t o  a n  a c c e p t a b l e  
conf idence  l e v e l  and tests a r e  u s u a l l y  performed i n  p a r a l l e l  t o  
save  t i m e .  A b e t t e r  approach would b e  t o  unders tand t h e  a c t u a l  
l i m i t a t i o n s  of t h e  p a r t  and, s i n c e  many f a i l u r e  mechanisms a r e  de- 
pendent upon a sequence of e v e n t s ,  t e s t i n g  should b e  performed i n  
a  s e r i a l / p a r a l l e l  manner t o  d i s c o v e r  such  mechanisms. In add i -  
t i o n ,  on ly  t h o s e  e l e c t r i c a l  l i m i t s  s p e c i f i e d  by t h e  manufac tu re r  
a r e  t e s t e d ,  when a  b e t t e r  knowledge of t h e  p a r a m e t r i c  v a r i a t i o n s  
w i t h  t empera tu re ,  c u r r e n t ,  v o l t a g e ,  and frequency i s  d e s i r e d  o r  
even n e c e s s a r y  f o r  p roper  p a r t  a p p l i c a t i o n .  F i g u r e  2 shows a guo- 
posed q u a l i f i c a t i o n  program t o  b e  performed p r i o r  t o  procurement 
of p r o d u c t i o n  p a r t s  as t h e  means of s e l e c t i n g  q u a l i f i e d  p a r t  t y p e s  
and manufac tu re r s ,  o b t a i n i n g  v a l u a b l e  a p p l i c a t i o n  i n f o r m a t i o n  about  
t h e  p a r t s  t o  b e  used ,  and de te rmin ing  t h e  e f f e c t i v e n e s s  of t h e  
s c r e e n i n g  tests. 
E l e c t r i c a l  I'arameter 
Electrical Characterization 
with Temperature, Current 
\ Data I 
The f i r s t  f e a t u r e  of t h i s  program i s  t h e  s imul taneous  t e s t i n g  of 
sc reened  and unscreened p a r t s .  Th i s  i s  done t o  d e t e r m i n e  t h e  e f -  
f e c t i v e n e s s  of t h e  s c r e e n i n g  tests w i t h o u t  degrad ing  good p a r t s  
and t h e  i n h e r e n t  q u a l i t y  and soundness  of t h e  p a r t .  The second 
f e a t u r e  of t h i s  program i s  t h e  combinat ion of serial  and p a r a l l e l  
t e s t i n g  t o  d i s c o v e r  t i m e  dependent  f a i l u r e  mechanisms and t h e  e f -  
f e c t s  of t h e  s e r i a l  s c r e e n  t e s t s .  The purposes  and advan tages  of 
each l e g  of t e s t i n g  a r e  d i s c u s s e d  i n  succeeding paragraphs .  A 
t h i r d  f e a t u r e  of t h i s  program i s  c h a r a c t e r i z a t i o n  of t h e  p a r t s  
e l e c t r i c a l l y  t o  i d e n t i f y  t ime ,  t empera tu re ,  b i a s  and f requency  
s e n s i t i v i t i e s  of p a r t  c h a r a c t e r i s t i c s  f o r  u s e  d u r i n g  hardware  de- 
s i g n .  
The p a r t s  p rocured  f o r  t h e  q u a l i f i c a t i o n  should b e  bought t o  t h e  
r e q u i r e m e n t s  of a  s c r e e n i n g  s p e c i f i c a t i o n  as d e s c r i b e d  i n  t h e  
pa ragraph  D.2. Q u a n t i t i e s  should  b e  s u f f i c i e n t  t o  a l l o w  f o r  re- 
placements  of r e j e c t s  i n  t h e  f i r s t  phases  of t h e  program, p a r t i c u -  
l a r l y  t h e  unscreened p a r t s .  (Note: Here t h e  t e r m  unscreened im- 
p l i e s  no conditioning. These p a r t s  shou ld  come from t h e  same l i n e  
a s  t h e  sc reened  p a r t s  and shou ld  meet t h e  same e l e c t r i c a l  pe r -  
formance s p e c i f i c a t i o n s  a s  sc reened  p a r t s . )  An e v a l u a t i o n  must b e  
made of t h e  s o u r c e s  of p a r t s  p r i o r  t o  commitment t o  t h e  q u a l i f i c a -  
t i o n  program, I f  p a s t  h i s t o r y  and e x p e r i e n c e  i n d i c a t e s  a poor 
p a r t  o r  s o u r c e ,  they shou ld  n o t  b e  cons idered .  A r e a s o n a b l e  con- 
f i d e n c e  must e x i s t  t h a t  t h e  m a n u f a c t u r e r ' s  p a r t  w i l l  meet t h e  re- 
qu i rements  of t h e  t e s t i n g .  
P a r t s  a r e  s e r i a l i z e d  w i t h  unique numbers t o  i d e n t i f y  sc reened  and 
unscreened p a r t s  and t~ p r o v i d e  t r a c e a b i l i t y  th roughout  t h e  t e s t  
sequence.  P a r t s  a r e  e x t e r n a l l y  i n s p e c t e d  t o  remove p a r t s  which 
have damaged s e a l s  o r  l e a d s .  The p a r t s  a r e  s u b j e c t e d  t o  x-ray t o  
remove p a r t s  w i t h  g r o s s  i n t e r n a l  assembly d e f e c t s .  S u b s t i t u t e s  
shou ld  r e p l a c e  r e j e c t e d  p a r t s  t o  keep t h e  sample s i z e  t h e  same. 
Next, a  complete  e l e c t r i c a l  c h a r a c t e r i z a t i o n  shou ld  b e  done t o  
e s t a b l i s h  a n  e l e c t r i c a l  b a s e l i n e  f o r  t h e  p a r t .  C h a r a c t e r i s t i c s  
shou ld  b e  recorded  over  t empera tu re ,  v o l t a g e ,  c u r r e n t  and £re-  
quency ranges  a t  t h e  normal ly  s p e c i f i e d  L i m i t s  and  a t  u n s p e c i f i e d  
l i m i t s  over  a  wider  dynamic range ,  Th is  d a t a  coupled w i t h  similar 
d a t a  recorded  a t  t h e  end of t h e  t e s t  program i s  t h e n  used t o  
i d e n t i f y  b a s i c  t ime ,  t empera tu re ,  and b i a s  dependence of e l e c t r i -  
c a l  c h a r a c t e r i s t i c s  f o r  u s e  d u r i n g  hardware d e s i g n .  I n  a d d i t i o n ,  
a  b e t t e r  knowledge of the p a r t  s e n s i t i v i t i e s  can be  o b t a i n e d  and 
a r e a s  where t h e  p a r t  c e a s e s  t o  perform can b e  i d e n t i f i e d .  T h i s  
knowledge is  v a l u a b l e  i n  s e l e c t i n g  t h e  b e s t  p a r t  f o r  t h e  d e s i g n .  
T!le e ~ t e n t  ok c h a r a c t e r i z a t i o n  of t h e  p a r t  i s  g r e a t l y  dependent on 
t h e  scope  of t he  des ign  a n a l y s i s  and t h e  b r e a d t h  of a p p l i c a t i o n  of 
a  p a r t i c d a r  type i n  t h e  t o t a l  sys tem.  More d e t a i l e d  c i r c u i t  analy-  
s e s  r e q u i r e  more i n f o r m a t i o n  abou t  c h a r a c t e r i s t i c s .  More informa- 
t i o n  i s  a l s o  r e q u i r e d  f o r  a  g e n e r a l  purpose  wide ly  used p a r t  t h a n  
one a p p l i e d  i n  on ly  one s p e c i f i c  a p p l i c a t i o n .  The p o s s i b l e  a p p l i c a -  
t i o n s  of t h e  p a r t  should  b e  a s s e s s e d  and coupled w i t h  t h e  i n f l u e n c e  
of t h e  c i r c u i t  a n a l y s i s  r e q u i r e m e n t s  t o  de te rmine  t h e  e x t e n t  of 
p a r a m e t r i c  c h a r a c t e r i z a t i o n  f o r  t h e  p a r t  d u r i n g  q u a l i f i c a t i o n .  
Up t o ,  and i n c l u d i n g  c h a r a c t e r i z a t i o n  tests, p a r t s  n o t  meet ing t h e  
normal ly  s p e c i f i e d  l i m i t s  are removed and r e p l a c e d .  From t h i s  
p o i n t ,  any p a r t  n o t  meet ing t h e  s p e c i f i e d  l i m i t s  are removed from 
t h e  t e s t  and ana lyzed  f o r  c a u s e  of f a i l u r e .  Any f a i l e d  o r  damaged 
p a r t s  i n  Group 11, IILA, I I L B  o r  I I I C  t e s t i n g  a r e  n o t  r e p l a c e d .  
Group I c o n s t r u c t i o n  a n a l y s i s  i n v o l v e s  t h e  e lements  l i s t e d  i n  T a b l e  
9 .  Only a  few p a r t s  a r e  n e c e s s a r y  f o r  t h i s  test ( f i v e  o r  l e s s ) .  
The purpose  of such a n a l y s i s  i s  t h r e e f o l d :  1) To a i d  i n  a s s e s s i n g  
t h e  v a l i d i % y  of t h e  q u a l i f i c a t i o n  tests, 2)  d i s c o v e r  any g r o s s  de- 
s i g n  o r  p r o c e s s i n g  d e f e c t s  i n  t h e  p a r t ,  and 3) e s t a b l i s h  a f i n g e r -  
p r i n t  f o r  comparison t o  f u t u r e  p a r t  procurement.  It i s  n e c e s s a r y  
t n  complete  a t  l e a s t  t h e  i n t e r n a l  p a r t  c r i t i q u e  phase  of t h i s  test- 
i n g  b e f o r e  commencing t h e  o t h e r  test  g roups .  I f  t h e r e  a r e  any 
g r o s s  p a b t  d e s i g n  d e f e c t s  which cou ld  e l i m i n a t e  a  s u p p l i e r ,  h e  
shou ld  b e  removed from t h e  q u a l i f i c a t i o n  program b e f o r e  o t h e r  test- 
i n g  b e g i n s ,  t o  reduce  t h e  r i s k  of spending t ime  and money on an  
u n q u a b i f i a b l e  p a r t .  The r e s u l t s  of t h e  Group I t e s t i n g  should b e  
compared t o  similar t e s t i n g  done on samples of t h e  p r o d u c t i o n  p a r t s  
f o r  a l l  f u t u r e  procurement t o  i d e n t i f y  p r o c e s s  changes and any 
s i t u a k i o n s  which could  i n v a l i d a t e  t h e  o r i g i n a l  q u a l i f i c a t i o n  (e .g . ,  
a  change i n  d i e  geometry) .  
Group 11 t e s t i n g  i n v o l v e s  a dc  forward b i a s  l i f e  t e s t ,  o p e r a t i n g  a t  
a j u n c t i o n  temperature  of a t  l e a s t  2 0 0 ' ~  f o r  a minimum of 1000 
hodrs .  A sample of 30 p a r t s  o r  more from each c l a s s  should  be  
s u b j e c t e d  t o  Group II t e s t i n g .  It i s  d e s i r e d  t o  a c h i e v e  t h e  de- 
s i r e d  j u n c t i o n  t empera tu re  through d i s s i p a t i o n  of power i n  t h e  d i e  
r a t h e r  t h a n  e l e v a t i o n  of t h e  ambient t empera tu re ,  s i n c e  s e v e r a l  
p a r t  f a i l u r e  mechanisms a r e  a c c e l e r a t e d  by c u r r e n t  and v o l t a g e  
a long  wit11 t empera tu re ,  P e r i o d i c  measurements a r e  recommended 
(every 250 hours  of o p e r a t i o n )  t o  d e t e c t  p a r t s  which a r e  degraded 
by a L e s L  of key e l e c t r i c a l  pa ramete rs .  P a r t s  n o t  meeting  he s p e c i -  
f i e d  v a l u e s ,  or which have s i g n i f i c a n t  i n c r e a s e s  i n  l eakage  o r  
s a t u r s t i o n  v o l t a g e ,  o r  d e c r e a s e s  i n  breakdown o r  g a i n ,  should  b e  
retnoved for F a i l u r e  a i l a l y s i s .  A l l  t e s t  d a t a  slzould be recorded so 
rhat: it c a n  be used  w i t - h  i n i t i a l  and f i n a l  c h a r a c t e r i z a t i o n  data 
t o  establish b a s i c  pararnezer L i r e  t r e n d s .  
Table 9 @~nZi f i ca t i on  - Croup I Tests  
External Package Description 
. Materials 
. Dimesions 
. Part Markings 
Internal Part Critique 
Gas Analysis of Backfill 
Die Dimensions and Design 
. Type of Die and Wire Attachments 
. Type of Metallization 
. SEM Inspection of Metallization and Wire Bonds 
. Any Anomalies or Other Salient Features 
I 
I Bond Wire Pull to Destruction I 
Cross-Section of Die, Measuring and Observing 
. Diffusion Depths 
. Oxide Thicknesses 
Metallization Thicknesses 
Die Thickness 
. Die Attachment Area (Voids, etc.) 
Wire Bond Area (Voids) 
Header and Wire Plating 
Measure Thermal Impedance Junction to Case 
Solderability/Weldability Tests 
The purpose of the Group LL t es t  i s  t o  a s s e s s  t h e  i n f l u e n c e  of t h e  
Group I I I A  and lIIB p r e - l i f e  t e s t s  which a r e  used f o r  s c r e e n i n g  pro- 
d u c t i o n  p a r t s ,  and t o  e v a l u a t e  t h e  normal v a r i a t i o n s  of p a r t  param- 
e t e r s  w i t h  L i f e .  The I I I A  and I I I B  t e s t  l e v e l s  may b e  h i g h e r  t h a n  
t h e  s c r e e n i n g  l e v e l s  t o  a c c e l e r a t e  p a r t i c u l a r  f a i lu re /mechan isms ,  
b u t  a r e  i n t e n d e d  t o  degrade d e f e c t i v e  p a r t s  w i t h o u t  s i g n i f i c a n t l y  
a f f e c t i n g  good p a r t s .  
Group I I I A  and ILIB t e s t i n g  i s  i n t e n d e d  t o  expose t i m e  dependent 
f a i l u r e  mechanisms. The the rmal  shock test (LO c y c l e s  from -55OC 
tot15Q°C, LQ-minute soak a t  each t empera tu re ,  30 seconds  maximum 
t r a n s f e r  t ime)  w i l l  a g g r a v a t e  poor  s e a l s ,  d i e  a t t a c h m e n t s ,  p o s t  
and d i e  w i r e  bonds and d i e  c r a c k s .  A i r  t o  a i r  is recommended over  
l i q u i d  t o  Liquid .  
The h e r m e t i c  s e a l  t e s t s  a r e  b o t h  f i n e  and g r o s s  l e a k  w i t h  a  r e j e c t  
l e v e l  of 5 x Atm/cc/sec.  The t e s t  of key e l e c t r i c a l  param- 
e t e r s  s a n  b e  a  go/no-go t e s t  t o  d e t e c t  d e g r a d a t i o n .  
Group I I I A  t e s t i n g  i s  in tended  t o  expose d i e  a t t achment  and i n t e r -  
connect  w i r e  d e f e c t s .  High t e m p e r a t u r e  s t o r a g e ,  200°C minimum f o r  
LOO h o u r s ,  s h o u l d  b e  performed on p a r t s  w i t h  go ld  i n t e r c o n n e c t  
w i r e s  o r  aluminum w i r e s  g r e a t e r  t h a n  1 m i l  t o  a c c e l e r a t e  i n t e r -  
m e t a l l i c  f o r m a t i o n  and K i r k e n d a l l  v o i d  fo rmat ion .  S h o r t e r  expo- 
s u r e  can b e  used a t  h i g h e r  t empera tu re ,  b u t  c a r e  must b e  t a k e n  
n o t  t o  induce  f a i l u r e s  i n  normal ly  good bonds. A measurement of 
Low s u r r e n t ,  forward v o l t a g e  drop of each  j u n c t i o n  should b e  made 
a f t e r  t h e  t empera tu re  soak and compared t o  t h e  i n i t i a l  r e a d i n g s .  
Th is  t e s t  s h o u l d  b e  foLlowed by a  h i g h  impact shock, 30,300g1s ' 
minimum, on t o p  of can,  5 blows, 0.Lm s e c  minimum d u r a t i o n  f o r  
a l l  TO-18, TO-5, TQ-72, e t c . ,  cans  ( p n e u f a c t o r )  o r  1500g1s mini-  
nnum i n  a  d i r e c t i o n  t o  l i f t  w i r e  bonds and d i e ,  5  blows, O.5msec 
minimum d u r a t i o n  f o r  s t u d  mounted d e v i c e s .  The measurement of 
f o n ~ a r d  v o l t a g e  drop shou ld  b e  r e p e a t e d .  F i n a l l y ,  a  c o n s t a n t  ac- 
c e l e r a t i o n  of 3 0 , 0 0 0 g t s  minimum i n  a  d i r e c t i o n  t o  l e f t  weak bonds 
and d i e  a t t achment  should b e  performed fol lowed a g a i n  by a  low 
c u r r e n t  forward vol. tage drop measurement. Any p a r t  e x h i b i t i n g  
g r e a t e r  t h a n  a 10% i n c r e a s e  i n  forward d rop  shou ld  b e  removed f o r  
f a i l u r e  a n a l y s i s ,  
The test sequence i s  t h e  same for p a r t s  w i t h  1 m i l  aluminum i n t e r -  
connect  wires, excep t  t h a t  the high t empera tu re  s t o r a g e  s t e p  i s  
r e p l a c e d  w i t h  a power c y c l i n g  t e s t .  The p a r t  i s  cyc led  a t  l e a s t  
Log% of  rated pcwer d i s s i p a t i o n  for a minimum of 20,000 c y c l e s  
wkiere o11e cycle is: power oar f o r  OLE minu te ,  t h e n  o f f  f o r  one 
n i in i r t e ,  T h t s  t e s t  is Liltended t o  p r e c i p i t a t e  w i r e  f a i l u z e s  due 
L O  nick;lng and micrsc-dack<ing a t  t h e  w i r e  bond h e e l .  
Group l I I B  t e s t i n g  i s  aimed a t  d i s c o v e r i n g  b u l k ,  s u r f a c e ,  and con- 
t a m i n a t i o n  r e l a t e d  f a i l u r e  mechanisms. The f i r s t  s t e p  i s  High 
Temperature Reverse  Bias (RTRB) performed t o  s t i m u l a t e  fo rmat ions  
of c h a n n e l s  and i n v e r s i o n  l a y e r s  due t o  s u r f a c e  con tamina tes .  
Temperature shou ld  b e  a t  l e a s t  175OC b i a s  on c o l l e c t o r - b a s e  f o r  
b i p o l a r s ,  o r  ga te - source  and g a t e - d r a i n  f o r  PET'S,  w i t h  a  minimum 
of 80% of r a t e d  breakdown v o l t a g e .  The minimum t i m e  should  b e  96 
h o u r s ,  fo l lowed by a  measurement of l e a k a g e  c u r r e n t s .  I f  l e a k a g e  
c u r r e n t  v a l u e s  a r e  g r e a t e r  t h a n  s p e c i f i e d  v a l u e s ,  o r  i f  t h e  i n i -  
t i a l  v a l u e  has  doubled,  t h e  p a r t  shou ld  be s u b j e c t e d  t o  f a i l u r e  
a n a l y s i s .  (Note: I f  t h e  i n i t i a l  v a l u e  of l e a k a g e  c u r r e n t  was 
o r d e r s  of magnitude below t h e  s p e c i f i e d  v a l u e  and is  s t i l l  w i t h i n  
s p e c i f i e d  l i m i t s  a f t e r  HTRB, r e j e c t i o n  shou ld  b e  based on t h e  mag- 
n i t u d e  of t h e  i n c r e a s e  and n o t  t h e  term "doubled.")  S ince  con- 
t aminan ts  t end  t o  d i s p e r s e  from t h e i r  l o c a l i z a t i o n  zones a f t e r  b i a s  
i s  removed, l e a k a g e  measurements shou ld  be  made a s  soon a s  p o s s i b l e  
a f t e r  b i a s  removal.  I n  a d d i t i o n ,  b i a s  shou ld  remain on p a r t s  u n t i l  
they  a r e  cooled t o  room tempera tu re ,  s i n c e  h i g h e r  t empera tu res  - - pro- -- 
duce f a s t e r  d i s p e r s i o n  of con taminan ts .  
The n e x t  s t e p  i s  a  forward b i a s e d  burn- in .  A c  burn- in  s i m u l a t e s  
a c t u a l  p a r t  u s e  and a c c e l e r a t e s  many f a i l u r e  mechanisms encountered 
d u r i n g  normal p a r t  o p e r a t i o n  (Reference 3 0 ) .  Most p a r t  s u p p l i e r s  
c o n t a c t e d ,  w h i l e  they agreed w i t h  t h e  concep t ,  i n d i c a t e d  a  l a c k  of 
f a c i l i t i e s  t o  perform a c  burn- in .  They a l s o  i n d i c a t e d  that dc  
burn- in  i s  perhaps  a more s e v e r e  t e s t  s i n c e  i t  t e n d s  t o  p o l a r i z e  
s u r f a c e  cgn taminan ts  w h i l e  a c  wouLd n o t ,  
I n  e i t h e r  c a s e ,  p a r t s  shou ld  b e  burned i n  f o r  a  minimum of 300 
h o u r s  a t  r a t e d  j u n c t i o n  t empera tu re ,  Th i s  test  shou ld  b e  fo l lowed  
b y  a n  e L e c t r i c a $  measurement of g a i n ,  l e a k a g e  c u r r e n t s ,  and s a t u r a -  
t i o n  and breakdown v o l t a g e s ,  P a r t s  w i t h  pa ramete rs  beyond s p e c i -  
f i e d  l i m i t s  shou ld  b e  removed. f o r  f a i l u r e  a n a l y s i s .  I n  a d d i t i o n ,  
20% d e c r e a s e  i n  g a i n  Q C  brea-kdown v o l t a g e ,  10% i n c r e a s e  i n  forward 
v o l t a g e  d rop ,  o r  LOO% i n c r e a s e  i n  Leakage c u r r e n t  should  a l s o  b e  
c a u s e  f o r  removal,  
The p a r t s  s u r v i v i n g  G ~ Q U ~ S  I L I A  and 1 I I . B  t e s t i n g  are t h e n  s u b j e c t e d  
t o  t k b e  same L i f e  t e s t  sequence a s  Group I1 samples.  Again, key 
e l e c t r i c a l  pa ramete rs  are measured a t  r e g u l a r  i n t e r v a l s  and t h e  
- .,rts ., a r e  e l e c t r i c a l l y  c h a r a c t e r i z e d  a t  t h e  complet ion of d c  l i f e  
t e s t i n g .  Data. taken i s  corr~pared to in i t i a ,L  c h a r a c t e r i z a t i o n  re -  
sulks t o  $eterrni.ne the effects of the  v a r i o u s  s c r e e n s  on p a r t  
parameters and their relaied deper~dence on b i a s  and temperakure.  
The last group of t e s b s  ( I P I C )  are  i n t e n d e d  t o  t e s t  t h e  meehani- 
c a l  i n t e g r i k y  of the p a r t  assembly and t h e  package,  While most 
p a r t  c a p a b i l i t i e s  f a r  exceed t h e  l i m i t s  of t e s t  equipment capa- 
b i l i . t i e s ,  some i n h e r e n t l y  weak d e s i g n s  o r  p r o c e s s e s  i n  p a r t s  
w i l l  b e  r e v e a l e d  d u r i n g  such t e s t i n g ,  Tlais group i s  recornended 
on ly  where some doubt  e x i s t s  a s  t o  t h e  i n t e g r i t y  of t h e  p a r t  a s -  
sembly. A l l  of t h e  p a r t s  recommended i n  S e c t i o n  P have demon- 
s t r a t e d  t h e i r  c a p a b i l i t i e s  i n  each of t h e s e  a r e a s  under many 
t y p e s  of e v a l u a t i o n  t e s t s  and by p a s t  usage  s o  t h a t  Group I L I C  
t e s t i n g  i s  n o t  n e c e s s a r y .  A review of e x i s t i n g  d a t a  i s  an ac- 
c e p t a b l e  s u b s t i t u t e  f o r  a c t u a l  Group I Z I C  t e s t s  f o r  any p a r t .  
The Group I I I C  t e s t s  a r e  recornmended where u n c e r t a i n t y  e x i s t s  
i n  t h e  a b i l i t y  of t h e  p a r t  t o  meet c e r t a i n  s t r e s s  l e v e l s  i m -  
posed by t h e  a p p l i c a t i o n ,  These t e c h n i q u e s  are a means of d i s -  
c o v e r i n g  p a r t  d e s t r u c t  L i m i t s  and d i s c o v e r i n g  weak conf igura -  
t i o n s  o r  d e s i g n s ,  The t y p e s  of tests and t h e i r  i n t e n t  a r e  shown 
i n  Tab le  10.  T e s t i n g  i s  u s u a l l y  s topped when 58% f a i l u r e s  axe  
o b t a i n e d .  Most of t h e s e  t e s t s  ( e s p e c i a l l y  shock and v i b r a t i o n )  
r e q u i r e  expens ive  f i x t u r e s  and equipment and shou ld  o n l y  be  
performed where doubt  e x i s t s  abou t  t h e  p a r t ' s  env i ronmenta l  
c a p a b i l i t i e s .  
A t  t h e  c o a p l e t i o n  of t h e  t e s t i n g ,  t h e  f a i l u r e  a n a l y s i s  and con- 
L - - - - - e i - n  * n a l y s i s  r e s u l t s  and t h e  e l e c t r i c a l  test  d a t a  i s  com- s L  UL LA".. ----- 
p i l e d  and ana lyzed .  S e v e r a l  p o s s i b i i t i e s  ex is t .  
I f  a m a j o r i t y  of p a r t s  i n  t h e  sc reened  ( c l a s s  I )  and t h e  un- 
sc reened  ( C l a s s  11)  samples f a i l  d u r i n g  q u a l i f i c a t i o n ,  t h e  i n -  
t e g r i t y  of t h e  p a r t ,  s c r e e n i n g ,  and q u a l i f i c a t i o n . t e s t i n g  shou ld  
b e  q u e s t i o n e d ,  S e v e r i t y  of t h e  q u a l i f i c a t i o n  can b e  a s s e s s e d  i f  
t h e  d e s t r u c t  l e v e l s  of t h e  Group III T e s t i n g  and t h e  r e s u l t s  of 
Group I r e v e a l  t h a t  t h e  p a r t s  a r e  sound. I f  on ly  one manufac- 
t u r e r ' s  p a r t  t y p e  e x h i b i t s  h i g h  f a i l u r e  rates, t h e n  t h e  i n t e g r i t y  
of t h a t  p a r t  i s  q u e s t i o n a b l e .  
I f  t h e  sc reened  p a r t s  have a  low r a t e  of f a i l u r e  w h i l e  t h e  un- 
sc reened  p a r t s  have a h i g h  f a i l u r e  r a t e  d u r i n g  q u a l i f i c a t i o n  
t e s t i n g ,  i t  can b e  assumed t h a t  t h e  s c r e e n i n g  i s  e f f e c t i v e .  I f  
t h e  b u l k  of unscreened pasiz f a i l u r e s  a r e  nf t h e  same mechanism, 
p a r t i c u l a r  p r o c e s s i n g  c o n t r o l s  t o  improve y i e l d  a,nd s t a b i l i z e  
p a r t  p r o d u c t i o n  could  b e  sugges ted  t o  t h e  p a r t  manufac tu re r ,  
I f  t h e  C k a s s  k p a r t s  have a  g r e a t e r  i n c i d e n c e  of f a i l u r e  than t h e  
C l a s s  11 parts, i t  can be  assumed thaG t h e  s c r e e n i n g  i s  t o  s e v e r e  
o r  induces  sone ~ i m e  dependerlt f a i l u r e  mechanaism, Cizanges t o  the 
s c r e e n i n g  can  then b e  e l f e c t e ~ l  o r  derat ing  boundar ies  can be  
changed t a  irnrsrove expected J Z f e ,  
ii'abl,e I 0  Q~taZifi"?:ca-t;ion - Group IIIC .Tests 
Thermal Shoc14 Expanding limits from lower to higher 1 / temperature with fixed number of 
I i cycles at each set of temperature 
extremes. Soak time at each tem- 
perature 10 minutes minimum and 10 
second maximum transfer time. 
1 Usually followed by Hermetic Seal 
, 1 test and functional check after each 
step in temperature. Typical step 
extremes : 
Step 1 -25 to +lOO°C 
Step 2 -50 to +lOO°C 
Step 3 -50 to +125'C 
Step 4 -50 to +150°C 
i 
I 1 etc. 
---,---.. - d ...-.---..A .>.- ,--. - -.-- . . . - -. . 
r I . -  i I Thermal 
( Cycling 
i 
' Same as Thermal Shock except soak i ! time at each temperature and i 
! allowed transfer times are longer. 1 
More cycles usually required. 
Checks seals, die attachment, 
insulator integrity (for d i -  
electrically isolated devices), 
and soundness of die 
(cracks, etc.) 
Same as Thermal Shock but not 2 i 
as effective. Note this is 
I 
usually a cheaper test. i 
Temperature Increasing time and temperature 
I 
Accelerates chemical reactions 
soaks. Usually followed by test j with dissimilar metals and their, 
of key parameters. ; related failure mechanisms. 
- -- - -  . - -I -- -----.-- *- ---.* --.-- 
I Constant i Increasing g levels. Number of Tests integrity of interconnects 
; Acceleration cycles at each level and hold time and die attachment. Also use- ; 
f : at max g level constant. Usually 
' ful in checking mechanical in- + 
j done in 3 mutually perpendicular ' tegrity of die support and 1 
axes and followed by a functional ! isolation ~'evices (ceramic tabs; 
n' 1 discs, etc.) i, check. 
i- f --.--"_ - -- - -*--- _ _ _  ---.------ _-> 
! Mechanical 1 Same as Constant Acceleration with f Same as Constant Acceleration ' 
i the additional variation of pulse 1 with the addition of a check g Shock I 
, width to simulate various energy a of the strength of the external i 
f spectra. ! package .More effective than con- 
-- - -  -* ---& - - -  - -"- s ---. - - . . , - . -_-- .L s kant accelerat lon. - 
) i 
E Vibration i Variable magnitude and frequency I Same as Mechanical Shock with f 
i ; spectra with fixed duration and , the addition of particle de- j 
, number of repetitions. Can be tection and intermittent open 
monitored for intermittent opera- interconnects when monitored. L 
tion. Sinusoidal excursions 
typical. Random more expensive. 
*ii-^ ---^ -P^ I-p- -- ---- --. - --------------,I ---"---------I- 
External Pull or twist leads to Test durability of leads. 
> Lead destruction. 
+ Tensile & i 
+ 
* 
' Stud Sheer Torque stud until it breaks. i 1 Verifies manufacturer's Limit. Strength _._ . _ . "* -x- ---.----------- up I Solder Increase heat to external leads Check capabilicy to 
Heat in gradual steps from 2 0 0 ~ ~  up. withstand installation f Keep duration of exposure at each temperatures. i 
temperature constant. Follow 
i 
If the failure r a t e s  of both screened and unscreened p a r t s  i s  law, 
i t  can be assumed the screen and the p a r t s  are adequate (subject 
t o  p r o c e s s  v a r i a t i o n s ) ,  o r  t h e  t e s t s  are ben ign ,  Again the i n -  
t e g r i t y  of t h e  q u a l i f i c a t i o n  can b e  somewhat i n f l u e n c e d  by t h e  
r e s u l t s  of Group I and Group IIIC t e s t i n g .  
I n  a l l  c a s e s ,  v a l u a b l e  i n f o r m a t i o n  r e g a r d i n g  needed p r o c e s s  con- 
t r o l s  o r  s c r e e n i n g  changes can  b e  d e r i v e d  from a n a l y s i s  of each 
p a r t  f a i l u r e  i n  t h e  q u a l i f i c a t i o n  test  sequence,  C h a r a c t e r i z a -  
t i o n  d a t a  from pre -  and p o s t - l i f e  t e s t i n g  and paramete r  measure- 
ments d u r i n g  t h e  rest of t h e  t e s t i n g  shou ld  b e  ana lyzed  t o  d e t e r -  
mine t empera tu re  c o e f f i c i e n t s  of g a i n ,  l e a k a g e ,  c u r r e n t ,  s a t u r a -  
t i o n  v o l t a g e ,  and i m p o r t a n t  A . C .  pa ramete rs  such a s  s w i t c h i n g  
speed and n o i s e  f i g u r e .  The d a t a  w i l l  a l l o w  d e t e r m i n a t i o n  of 
o t h e r  i t ems  such a s  c r o s s o v e r  p o i n t s  of t h e  t empera tu re  c o e f f i -  
c i e n t  of g a i n ,  t h e  c u r r e n t ,  f requency o r  v o l t a g e  dependence of 
j u n c t i o n  c a p a c i t a n c e ,  n o i s e  f i g u r e ,  g a i n ,  s a t u r a t i o n  v o l t a g e ,  
l eakage  c u r r e n t ,  impedances, and a d m i t t a n c e s ,  as w e l l  a s  pinch- 
o f f  v o l t a g e  and s a t u r a t i o n  r e s i s t a n c e  f o r  FETS and any o t h e r  
parameter  which i s  n e c e s s a r y  f o r  c i r c u i t  d e s i g n  a n a l y s i s .  I n  
a d d i t i o n ,  d e r a t i n g  f a c t o r s  f o r  ag ing  c h a r a c t e r i s t i c s  of g a i n ,  
s a t u r a t i o n  v o l t a g e ,  and l e a k a g e  c u r r e n t  can b e  v a l i d a t e d ,  
F i n a l l y ,  t h e  r e s u l t s  of c o n s t r u c t i o n  a n a l y s i s  and any s i g n i f i c a n t :  
r e s u l t s  of t h e  q u a l i f i c a t i o n  t e s t i n g  shou ld  b e  summarized i n  a  
r e p o r t  and k e p t  f o r  r e f e r e n c e  u s e  d u r i n g  procurement ,  s c r e e n i n g ,  
l o t  accep tance ,  and f a i l u r e  a n a l y s i s  of p r o d u c t i o n  p a r t s .  I f  
s i g n i f i c a n t  changes t o  t h e  p a r t  a r e  made a f t e r  q u a l i f i c a t i o n ,  t h e  
need f o r  r e q u a l i f i c a t i o n  can t h e n  b e  de te rmined .  
S c r e e n i n g  
Screening t e s t s  a r e  performed t o  e l i m i n a t e  p a r t s  n o t  meet ing e l e c -  
t r i c a l  performance requ i rements  and t h o s e  w i t h  b u i l t - i n  d e f e c t s  
which l i m i t  t h e i r  u s e f u l  l i f e .  Screening t e s t s  can be c a t e g o r i z e d  
a s  100% t e s t s  ( a l l  p a r t s  s u p p l i e d  a r e  s u b j e c t e d  t o  t h e  t e s t ) ,  s a m -  
p l e  t e s t s  ( a  sample of t h e  l o t  of p a r t s  procured i s  t e s t e d  w i t h  
jeopardy on t h e  e n t i r e  l o t  i f  too  many f a i l u r e s  a r e  encountered 
i n  t h e  sample t e s t ) ,  and Lot accep tance  t e s t i n g  performed by t h e  
p a r t  u s e r  t o  v e r i f y  compliance w i t h  s c r e e n i n g  s p e c i f i c a t i o n  r e -  
quirements .  
F i g u r e  3 shows a  proposed s c r e e n i n g  t e s t  sequence aimed a t  d i s -  
cover ing  t ime dependent f a i l u r e  mechanisms a s  w e l l  a s  e l imina t ing  
p a r t s  w i t h  workmanship and assembly d e f e c t s .  
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?lost p a r t  inanuf a c t i i r e r s  e l i m i n a t e  inoperative U L  e$ecLricaLLy Li rl- 
c o r r e c t  d i e  by u s e  of a 100% wafer  e l e c t r i c a l  t e s t -  Bad d i e  arc  
i d e n t i f i e d  w i t h  a n  i n k  d o t  and t h e s e  d i e  a r e  removed a f t e r  t h e  
wafer is  s c r i b e d  and broken.  I n  a d d i t i o n ,  incomple te  o r  f r a c -  
t u r e d  d i e  a r e  a l s o  removed. At t h i s  p o i n t ,  i t  i s  d e s i r a b l e  t o  
perform a  100% d i e  v i s u a l  i n s p e c t i o n  a t  h i g h  m a g n i f i c a t i o n  (de- 
pendent upon d i e  s i z e )  t o  remove d i e  w i t h  ox ide  and m e t a l l i z a -  
t i o n  d e f e c t s .  The v i s u a l  c r i t e r i a  d e f i n e d  i n  M a r s h a l l  S p a c e c r a f t  
Center  s p e c i f i c a t i o n  85M03924 " ~ n t e r n a l  V i s u a l  I n s p e c t i o n  of 
T r a n s i s t o r s ,  S tandard  For" shou ld  b e  met by a l l  t r a n s i s t o r  sup- 
p l i e r s .  Most p a r t  manufac tu re r s  have i n t e r n a l  i n s p e c t i o n  docu- 
ments w i t h  v i s u a l  a i d s  t o  g u i d e  t h e  i n s p e c t o r  i n  a c c e p t / r e j e c t  
c r i t e r i a ,  A review of a  p a r t  m a n u f a c t u r e r ' s  i n t e r n a l  documenta- 
t i o n  f o r  v i s u a l  i n s p e c t i o n  shou ld  be  made f o r  comparison t o  t h e  
MSFC s t a n d a r d  and changes t o  t h e  s u p p l i e r ' s  documentat ion made 
a c c o r d i n g l y .  
A f t e r  w i r e  a t t a c h e m e n t s  are made t o  t h e  d i e  and p o s t ,  each i n t e r -  
connect  w i r e  shou ld  b e  t e s t e d  w i t h  a  n o n - d e s t r u c t i v e  w i r e  bond 
p u l l  t o  a minimum t h r e s h o l d  o f  0.7 grams. The w i r e  bond p u l l  
t e s t  i s  n o t  d e s t r u c t i v e .  A  survey  conducted concern ing  t h e  de -  
s t r u c t i v e n e s s  o f  t h e  p u l l  t e s t  had two g e n e r a l  r esponses .  Those 
who employed t h e  test  found t h e  p u l l  t e s t  n o n - d e s t r u c t i v e .  Those 
who d i d  n o t  u s e  p u l l  t e s t s  d i d  n o t  because  t h e y  f e a r e d  damage, 
b u t  had n o t  performed t e s t s .  A sample w i r e  bond p u l l  t o  d e s t r u c -  
t i o n  shou ld  a l s o  b e  done t o  d i s c o v e r  bond f a i l u r e  t h r e s h o l d  and 
o u t  o f  c o n t r o l  bonding equipment. 
Once t h e  p a r t  i s  assembled,  p r i o r  t o  capping,  t h e  header  assembly 
i s  i n s p e c t e d  a t  20 t o  40 power t o  d i s c o v e r  common workmanship and 
assembly d e f e c t s  ( e x t r a  wires, e x c e s s  loops ,  v o i d s  i n  d i e  a t t a c h -  
ment, p a r t i c l e s ,  e t c . )  Again t h e  c r i t e r i a  of 85M03924 should b e  
met a s  a  minimum. The problem w i t h  any v i s u a l  i n s p e c t i o n  i s  t h e  
eye f a t i g u e  encountered by t h e  i n s p e c t o r .  I n  a d d i t i o n ,  most manu- 
f a c t u r e r s  emphasize speed,  s o  t h e  i n s p e c t i o n  may be  incomplete .  
A r i g o r o u s  QC t y p e  r e - i n s p e c t i o n  of t h e  p a r t s  on a  sample b a s i s  
o r  b e t t e r  y e t  100% i s  a n  e f f e c t i v e  method of v e r i f y i n g  p roper  
v i s u a l  i n s p e c t i o n  of p a r t s  e s p e c i a l l y  when such r e - i n s p e c t i o n  
i s  performed by t h e  p r o c u r i n g  agency. 
The f i r s t  p a r t  c o n d i t i o n i n g  s t e p  i s  a  t empera tu re  soak f o r  48 
hours  a t  20Q°C ambient t empera tu re .  F requen t ly  header  assembl ies  
a r e  "baked ou t"  p r i o r  t o  capping t o  d r i v e  o f f  m o i s t u r e ,  Whether 
capped o r  uncapped, t h e  environment must be  i n e r t  t o  p r e c l u d e  
o x i d a t i o n  o r  o t h e r  d e g r a d a t i o n  t o  t h e  p a r t ,  This c o n d i t i o n i n g  i s  
done t o  s t a b i l i z e  c h a r a c t e r i s t i c s ,  a g g r a x a t e  poor  w i r e  bond and 
d i e  a t t a c h  f a i l u r e s  and growth of r e s i s t i v e  c o n t a c t s  between 
aluminum and s i l i c o n .  
The first e l e c t r i c a l  t e s t  removes p a r t s  n o t  meet ing t h e  s p e c i f i e d  
e l e c t r i c a l  r e q u i r e m e n t s .  A l l  s p e c i f i e d  e l e c t r i c a l  pa ramete rs  a r e  
t e s t e d  f o r  a l l  p a r t s .  
Thermal and mechanical  shock tests fol lowed by f u n c t i o n a l  t e s t  and 
h e r m e t i c i t y  t e s t s  a r e  i n t e n d e d  t o  d e s t r o y  improper ly  assembled 
p a r t s ,  b r e a k  weak s e a l s ,  and a g g r a v a t e  d i e  c r a c k s .  Thermal shock 
shou ld  b e  p e r  MIL-STD-750, Method 1056.1,  o r  t h e r m a l  c y c l i n g  p e r  
Method 1 0 5 l . l ,  w i t h  a  maximum t r a n s f e r  t i m e  of one minute ,  w i t h  
t h e  c o n d i t i o n s  shown i n  F i g u r e  3 .  Mechanical  shock shou ld  b e  p e r  
t h e  c o n d i t i o n s  i n d i c a t e d  i n  F i g u r e  3. The e l e c t r i c a l  t e s t  i s  a 
go/no-go check of g a i n  and each j u n c t i o n  breakdown v o l t a g e  and 
l e a k a g e  c u r r e n t  t o  d e t e c t  opens and s h o r t s .  Hermetic s e a l  tests 
a r e  p e r  MIL-STB-750, Method 1071  c o n d i t i o n s  C and H, o r  D and H, 
w i t h  a f i n e  l e a k  r a t e  of 5  x  atm c c / s e c .  
The n e x t  t e s t  i s  a  h i g h  t empera tu re  r e v e r s e  b i a s  f o r  96 h o u r s  mini- 
mum a t  175OC minimum w i t h  80% r a t e d  breakdown v o l t a g e  a p p l i e d  t o  
c o l l e c t o r - b a s e  f o r  b i p o l a r  o r  gate-source  and g a t e - d r a i n  f o r  FET's. 
Th i s  t e s t  i s  i n t e n d e d  t o  d i s c o v e r  channe l  and i n v e r s i o n  l a y e r  
f a i l u r e  mechanisms. B i a s  i s  t o  remain on t h e  j u n c t i o n s  upon t h e  
complet ion of t h e  test u n t i l  ambient t empera tu re  i s  reached .  
Leakage c u r r e n t  measurements a r e  made w i t h i n  e i g h t  hours  of removal 
of b i a s .  I f  a  l e a k a g e  c u r r e n t  i n c r e a s e s  by a f a c t o r  of two from 
i t s  i n i t i a l  v a l u e  o r  exceeds  t h e  s p e c i f i e d  l i m i t s ,  whichever i s  
g r e a t e r ,  t h e  p a r t  i s  r e j e c t e d .  Such i n c r e a s e s  a r e  i n d i c a t i v e  of 
p a r t s  t h a t  have c h a n n e l s  o r  s u r f a c e  i n v e r s i o n  f a i l u r e  mechanisms. 
The n e x t  c o n d i t i o n i n g  s t e p  is  a 300-hour burn- in  a t  r a t e d  junc- 
t i o n  t empera tu re .  For  b i p o l a r  d e v i c e s ,  dc  forward b i a s  i s  t h e  
most cornmonLy used method. AC burn- in  i s  recommended where i t  i s  
a v a i l a b l e  and f o r  some r . f .  d e v i c e s  necessa ry .  I n  most c a s e s ,  
however, p a r t  m a n u f a c t u r e r s  a r e  n o t  equiped t o  perform a c  burn- in .  
Rated j u n c t i o n  t empera tu re  should b e  ach ieved  a s  much a s  p o s s i b l e  
by power d i s s i p a t e d  i n  t h e  d i e  r a t h e r  t h a n  e l e v a t i o n  of t h e  am- 
b i e n t  t empera tu re ,  
S u r f a c e  d e v i c e s ,  such a s  NOS FET'S and j u n c t i o n  FET's, a r e  burned 
i n  under r e v e r s e  b i a s  c o n d i t i o n s  of b o t h  j u n c t i o n s  f o r  300 h o u r s  
a t  175°C ambient.  
The l a s t  e l e c t r i c a l  measurement removes any p a r t s  which have 
d r i f t e d  beyond the  s p e c i f i e d  l i m i t s .  I n  a d d i t i o n ,  a 15% change i n  
g a i n ,  100% i n c r e a s e  i n  l eakage  c u r r e n t s ,  o r  a  10% i n c r e a s e  i n  
s a t u r a t i o n  voLtages shou ld  b e  cause  f o r  p a r t  r e j e c t i o n ,  
'i'he. e ~ t e l - a a l  v i s u a l  LnspecLion reinoves p a r t s  w i t h  cor roded  o r  
oxidized part, Leads o r  packages; s c r a t c h e d ,  t w i s t e d ,  o r  b roken  
Leads ; defur nicd yncka:;es; eracJzed g l a s s  s e a l s ;  o r  u n i n t e l l i g i -  
b l e  part marking, A l l  a c c e p t a b l e  p a r t s  a r e  packaged i n  a man- 
ner Lo prec lude  shipping damage and sh ipped  t o  t h e  p u r c h a s e r  
a l o n g  w i t h  a r e p o r t  of  s c r e e n i n g  r e s u l t s .  
Any r e j e c t e d  p a r t  i s  removed from test  and s e g r e g a t e d  from ac-  
c e p t a b l e  pas ts .  A 1 1  y a r t s  r e j e c t e d  i n  t e s t s  subsequent  t o  t h e  
fjrr;teLeer,trEca;b k c s t  a r e  s h i p p e d  t~ t h e  p r o c u r i n g  agency w i t h  
ideneiiication of Lhe n a t u r e  of p a r t  f a i l u r e .  
Lo t  acceptance i s  i n t e n d e d  t o  v e r i f y  p a r t  s u p p l i e r  compliance 
w i t h  ike cequirements  of procurement s p e c i f i c a t i o n s ,  and t o  
remove p a r t s  damaged i n  shipment ,  E x t e r n a l  v i s u a l  i n s p e c t i o n  
i s  Lhe same as perfotmed p r i o r  ts shipment.  X-ray i s  done i n  
t h r e e - a x e s  t o  detect comnron assembly d e f e c t s ,  such a s  e x t r a  
w i r e ,  p a r t i c l e s ,  p o s t s  touch ing  can, e t c .  The f u n c t i o n a l  go-no/ 
go t e s t  i s  i n t e n d e d  t o  d i s c o v e r  s h o r t s  and opens.  Any p a r t s  n o t  
meet ing %'lac reqer i remenb of t h e  procurement documents i d e n t i f i e d  
t o  hhe p a r t  m n u f e c t u r e r  are removed from t h e  group of a c c e p t a b l e  
p a r t s ,  
The sample solderability/weldabiSity tests a r e  performed t o  de- 
tect any m a t e r i a l ,  p l a t i n g  o r  c o r r o s i o n  problems i n  e x t e r n a l  
l e a d s .  I f  any part f a i l s  t h i s  t e s t  t h e  whole l o t  should  b e  
suspect f o r  such  a problem and i n s p e c t e d ,  The c o n s t r u c t i o n  ana ly -  
s i s  i s  the same as  i d e n t i f i e d  i n  Group I of t h e  q u a l i f i c a t i o n  
p r o g s a ~ a ,  It, is inteladed t o  d i s c o v e r  p o t e n t i a l  l o t  problems due 
t o  ~ n a n u f a e t . u ~ e x  e r r o r s  o r  s c r e e n i n g  tests and changes t o  p a r t  de- 
s i g n  a r  construction which could  i n v a l i d a t e  q u a l i f i c a t i o n .  Ac- 
c e p t a n c e  of  t h e  p a r m  f o r  u s e  i n  f l i g h t  hardware i s  c o n t i n g e n t  upon 
s u c c s s s i u $ l y  passing aLi of t h e  s c r e e n i n g  tests and a s a t i s f a c t i o n  
by the  cogn izan t  p a r t s  s p e c i a l i s t  t h a t  t h e  l o t  of p a r t s  i s  ac- 
5 ~ p t ~ h l e ,  If any condition is unaccep tab le  t h e  p a r t  o r  p a r t s  
s h a u b d  not  be  use? i n  ZLight hardware ,  The p a r t  manufac tu re r  
should !>c Snfocmrd of the lot a c c e p t a n c e  tests t h a t  w i l l  b e  ge r -  
foroied ;asd ehat acceptaiace o f  t h e  pares is based on s a t i s f a c t o r y  
resal ts  f rom rhe acceptance t e s t i n g ,  i n c l u d i n g  f i n g e r p r i n t i n g .  
This w i l l  p r o v i d e  ;repetus co t h e  manufacturer  t o  b u i l d  a sound 
l V ' r  r 
Some of the  testing arzd 1st jeopatrdy c o r l d i ~ i o a i s  described may c a u s e  some 
r.r~anufaeturerr,: "c 'km bid" ~ l r e  procurenlent s p e c i f i c a t i o n ,  Compromises 
may b e  made i n  che t e s t i n g  done b u t  o n l y  i f  conf idence  gained by ex- 
pe r ienced  and q u a l i f i c a t i o n  t e s t i n g  e x i s t s  i n  t h e  p a r t i c u l a r  manufac- 
t u r e r ,  Caut ion must  b e  e z e r c i s e d  i n  p l a c i n g  t o o  much c o n f i d e n c e  i n  
p a r t  s u p p l i e r s  a s  many a r e  very schedu le  and c o s t  consc ious  and p l a c e  
t h e s e  c o n s i d e r a t i o n s  b e f o r e  p a r t  r e l i a b i l i t y .  I t  is  d e s i r a b l e  t h a t  
more than one s u p p l i e r  be  a v a i l a b l e  f o r  p a r t  procurement t o  p r e v e n t  
program d e l a y s  i n  e v e n t  d e l i v e r y  cannot  b e  o b t a i n e d  from one of t h e  
s o u r c e s .  
PROCESS CONTROL REQUIREMENTS 
C r i t i c a l  p r o c e s s e s  and m a t e r i a l s  used t o  f a b r i c a t e  semiconductors  
a r e  shown i n  Tab le  11. The p r o c e s s e s  used can be  c a t e g o r i z e d  as 
washing and e t c h i n g ,  p h o t o l i t h o g r a p h i c ,  and m e t a l l u r g i c a l .  The 
b a s i c  m a t e r i a l s  d i v i d e  i n t o  s t a r t i n g  semiconductor ,  dopan ts ,  m e t a l -  
l i z a t i o n ,  d i e  a t t a c h m e n t ,  i n t e r c o n n e c t  w i r e ,  cap and header ,  and g a s  
b a c k f i l l .  The most impor tan t  f a c t o r s  i n  washing and e t c h i n g  a r e  
c l e a n l i n e s s ,  c o n c e n t r a t i o n ,  sequence,  and l e n g t h  of exposure .  Thick- 
n e s s ,  u n i f o r m i t y ,  l e n g t h  of c u r i n g  and exposure  of p h o t o r e s i s t s ,  and 
mask c l e a n l i n e s s  and a l ignment  a r e  s i g n i f i c a n t  f a c t o r s  i n  p roper  
pho to l i thography .  The m e t a l l u r i g i c a l .  p r o c e s s e s  are t ime,  tempera- 
t u r e ,  and m a t e r i a l  s e n s i t i v e .  Each s u c c e s s i v e  s t e p  i s  performed 
a t  a lower t e m p e r a t u r e  t o  p r e v e n t  p roduc t  d e g r a d a t i o n  p rocessed  
through p r e v i o u s  s t e p s ,  so  t h e  m a t e r i a l s  used f o r  e a c h  succeed ing  
s t e p  must i n t e r a c t  i n  t h e  d e s i r e d  manner w i t h o u t  s e r i o u s  i n t e r a c -  
t i o n  beyond t h e  s t e p  i n  which they  a r e  used.  
S e l e c t i o n  of s t a r t i n g  m a t e r i a l  and d i f f u s i o n  schemes f o r  t h e  d i e  i s  
u.sually governed by t h e  g e n e r i c  p a r t  s e l e c t e d .  S i l i c o n  i s  p r e f e r r e d .  
The p a r t  manufac tu re r  de te rmines  t h e  dopan ts  used based on t h e  de- 
s i r e d  r e s i s t i v i t i e s  and p e n e t r a t i o n  d e p t h s .  Oxide growths must be  
done a t  r e a s o n a b l y  h i g h  t e m p e ~ a t u r e s  t o  a c h i e v e  homogenous pass iva -  
t i o n  of t h e  s i l i c o n .  M e t a l l i z a t i o n  must p r o v i d e  good e l e c t r i c a l  
c o n t a c t  t o  s i l i c o n  and bond w e l l  t o  t h e  o x i d e  ( i n  t h e  c a s e  of ex- 
panded c o n t a c t s ) .  E u t e c t i c  phases  (homogenous m i x t u r e s  of two d i s -  
s i m i l a r  m e t a l s )  a r e  n e c e s s a r y  f o r  d i e  a t t achment  and p roper  f u s i o n  
of bond w i r e s  t o  m e t a l l i z a t i o n  and p o s t  p l a t i n g  i s  e s s e n t i a l  f o r  
sound i n t e r c o n n e c t i o n .  Cap and header  m a t e r i a l s  must be  r e l a t i v e l y  
impervious  t o  c o r r o s i o n  o r  d e g r a d a t i o n  i n  t h e  a p p l i c a t i o n .  Gas back- 
f i l l  i n  t h e  can shou ld  b e  i n e r t  and f r e e  of m o i s t u r e  and o x i d i z i n g  
o r  reduc ing  a g e n t s .  
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1. D i e  F a b r i c a t i o n  P r o c e s s e s  
D i e  f a b r i c a t i o n  i s  t h e  most s e n s i t i v e  p r o c e s s  t o  p a r t  manufac tu re r s ,  
and c l e a n l i n e s s  c o n t r o l s  i n  t h i s  a r e a  g r e a t l y  i n f l u e n c e  t h e  long- 
l i f e  performance of a p a r t .  The d e g r e e  of c o n t r o l  e x e r c i s e d  by t h e  
manufac tu re r  i n  t h i s  a r e a  i s  e x t e n s i v e  t o  p r e v e n t  poor d i e  and wafer  
y i e l d s .  Most semiconductor  m a n u f a c t u r e r s  c o n s i d e r  t h e i r  wafer  
p r o c e s s e s  p r o p r i e t a r y  and w i l l  n o t  submit  t o  p a r t  u s e r  p a r t i c i p a t i o n  
i n  some c a s e s .  The u s e r  may s p e c i f y  minimum m e t a l l i z a t i o n  t h i c k n e s s  
and r e q u i r e  p h o s p o s i l i c a t e  g l a s s  p r o t e c t i o n  f o r  t h e  d i e  s u r f a c e  i n  
t h e  procurement s p e c i f i c a t i o n .  Ohterwise  t h e  e x t e n t  of c o n t r o l  of 
d i e  p r o c e s s e s  by t h e  p a r t  u s e r  i s  i m p l i e d  by s c r e e n i n g  and s e l e c t i o n  
of t h e  b e s t  manufac tu re r  r a t h e r  t h a n  by d i r e c t  documentation.  
Manufacturers  w i t h  t h e  most s t a b l e  p a r t s  h i s t o r i c a l l y  and by q u a l i f i -  
c a t i o n  t e s t  u s u a l l y  have adequa te  wafe r  p r o c e s s i n g  c o n t r o l s .  The 
s c r e e n i n g  tests d e s c r i b e d  i n  t h e  p r e v i o u s  s e c t i o n  w i l l  r e j e c t  a lmos t  
a l l  of t h e  p r o d u c t s  w i t h  poor d i e  f a b r i c a t i o n  p r o c e s s  c o n t r o l .  
2 .  Assembly P r o c e s s e s  
These p r o c e s s e s  i n v o l v e  a s i g n i f i c a n t  human e lement ,  s i n c e  many as -  
sembly t e c h n i q u e s  i n v o l v e  o p e r a t o r  judgements.  Some manufac tu re r s  
have i n c o r p o r a t e d  automated assembly t o o l s  which e l i m i n a t e  some of 
t h e s e  f a c t o r s ,  b u t  most r e l y  on assembler  s k i l l .  C o n t r o l  i n  t h i s  
a r e a  i s  ach ieved  through s e v e r a l  r o u t e s ,  
The most common form of assembly p r o c e s s  c o n t r o l  i s  a Q u a l i t y  Con- 
t r o l  s u r v e i l l a n c e  of manufactur ing p r o d u c t i o n ,  where Q u a l i t y  and 
Manufactur ing a r e  s e p a r a t e  o r g a n i z a t i o n s .  The Q u a l i t y  f u n c t i o n  
m o n i t o r s  equipment se t -up (wi re  bonder t empera tu re  and p r e s s u r e  
s e t t i n g s ,  d i e  a t t a c h  s t a g e  t empera tu re  s e t t i n g s ,  e t c . ) .  Q u a l i t y  
a l s o  moni to r s  w i r e  bond work v i a  p e r i o d i c  sample bond p u l l  tests 
of each o p e r a t o r ' s  work. Weak bonds i n d i c a t e  need f o r  t o o l  check 
o r  o p e r a t o r  r e t r a i n i n g .  V i s u a l  i n s p e c t i o n s  f o r  workmanship d e f e c t s  
i s  a n o t h e r  method f r e q u e n t l y  used t o  e f f e c t  assembly p r o c e s s  con- 
t r o l ,  
The p a r t  u s e r  can e f f e c t  c o n t r o l  of assembly p r o c e s s e s  by such  
Q u a l i t y  s u r v e i l l a n c e  u s i n g  h i s  own Source  I n s p e c t i o n  on t h e  as- 
sembly l i n e .  Some manufac tu re r s  have a v a i l a b l e  a " c o n t r o l  l i n e "  
where t h e  assembly l i n e  produces  p a r t s  under t h e  cognizance and 
moni to r ing  of personnel. employed d i r e c t l y  by t h e  u s e r .  T h i s  ap- 
proach i s  somewhat more c o s t l y  t h a n  t h e  normal m a n u f a c t u r e r / u s e r  
s i t u a t i o n ,  b u t  a l lows  t h e  u s e r  a g r e a t e r  d e g r e e  of p a r t i c i p a t i o n  
i n  p a r t  assembly and i n s p e c t i o n ,  
Precap v i s u a l  i n s p e c t i o n  of t h e  d i e  and header  assembl ies  i s  per-  
haps  t h e  most e f f e c t i v e  s c r e e n i n g  method f o r  e l i m i n a t i n g  assembly 
d e f e c t s ,  e s p e c i a l l y  i f  t h e  i n s p e c t i o n  of a l l  p a r t s  i s  monitored by 
a u s e r  employee p r i o r  t o  capping.  Any p a r t s  n o t  meet ing v i s u a l  
s t a n d a r d s  d e f i n e d  i n  t h e  procurement s p e c i f i c a t i o n  are removed 
from t h e  l o t .  Again,  s e l e c t i o n  of m a n u f a c t u r e r s  w i t h  a s t a b l e  
p a r t ,  h i s t o r i c a l l y  and by test ,  w i l l  a f f o r d  p a r t s  manufactured i n  
a c o n t r o l l e d  manner. Screening w i l l  e l i m i n a t e  most improper ly  
assembled p a r t s .  
3 .  M a t e r i a l s  
C o n t r o l  o v e r  t h e  m a t e r i a l s  used i s  ach ieved  by s e l e c t i o n  of t h e  
d e s i r e d  g e n e r i c  p a r t  and through s p e c i f i c a t i o n  i n  t h e  procurement 
documents. P a r t s  w i t h  u n d e s i r a b l e  d i e ,  m e t a l l i z a t i o n ,  i n t e r c o n -  
n e c t ,  d i e  a t t a c h m e n t ,  and package m a t e r i a l s  can  be  e l i m i n a t e d  
d u r i n g  e v a l u a t i o n  and q u a l i f i c a t i o n .  
The c r i t e r i a  set f o r t h  i n  S e c t i o n  C shou ld  b e  a p p l i e d  when se- 
l e c t i n g  p a r t s  t y p e s  f o r  u s e .  Changes t o  materials can  be  d i s -  
covered d u r i n g  l o t  accep tance  t e s t i n g  of t h e  p r o d u c t i o n  p a r t s .  
Undes i rab le  changes would r e s u l t  i n  a r e j e c t e d  l o t .  Knowledge 
of such l o t  a c c e p t a n c e  requ i rements  w i l l  s t i m u l a t e  t h e  p a r t  
manufac tu re r  t o  in form t h e  u s e r  of such changes  a t  t h e  t i m e  of 
procurement.  
E x t e r n a l  l e a d  and c a s e  m a t e r i a l s  a r e  normal ly  d e f i n e d  i n  t h e  pro- 
curement s p e c i f i c a t i o n  and by t h e  t y p e  s e l e c t e d .  The d i e ,  metal- 
l i z a t i o n ,  and i n t e r c o n n e c t  w i r e  m a t e r i a l s  and t h e  g a s  b a c k f i l l  
can a l s o  b e  s p e c i f i e d  i n  t h e  procurement document. 
4 .  Handling,  S t o r a g e ,  T e s t ,  and Shipment 
Once a good p a r t  i s  produced, c o n t r o l  of tes t ,  s t o r a g e ,  h a n d l i n g ,  
and shipment i s  needed t o  p r e s e r v e  t h e  p a r t  i n t e g r i t y .  A l l  h i g h  
t empera tu re  exposure  should b e  i n  a n  i n e r t  environment.  A l l  
p a r t s  shou ld  b e  handled w i t h  g loves  o r  f i n g e r  c o t t l e s  t o  keep 
a c i d s  and g r e a s e s  o f f  l e a d s  and packages.  P a r t s  should  b e  s t o r e d  
and t e s t e d  i n  non-corros ive  environments.  When shipped,  p a r t s  
should  b e  packaged i n  c o n t a i n e r s  which w i l l  s u r v i v e  hand l ing  en- 
v i ronments  i n  t r a n s i t .  T e s t  s o c k e t s  shou ld  n o t  s c r a t c h  o r  bend 
l e a d s .  P a r t s  s e n s i t i v e  t o  e l e c t r o s t a t i c  d i s c h a r g e  damage should 
b e  p r o t e c t e d  by s h o r t i n g  all e x t e r n a l  l e a d s  t ~ g e t h e r  u n t i l  i n s t a l -  
Sat i on ,  
Shipp ing  i n s t r u c t i o n s  a r e  u s u a l l y  d e f i n e d  i n  t h e  procurement s p e c i -  
f i c a t i o n .  C o n t r o l  over  t h e  test  and s t o r a g e  environments and han- 
d l i n g  o f  t h e  p a r t  i s  u s u a l l y  ach ieved  by a p p r o v a l  of t h e  manufac- 
t u r e r s  t e s t  p l a n  and p rocedures ,  Well d e f i n e d  c o n t r o l s  i n  t h e s e  
documents i s  n e c e s s a r y  t o  avo id  d e g r a d a t i o n  t o  good p a r t s .  Hand- 
l i n g  and i n s t a l l a t i o n  c o n t r o l  r equ i rements  by a l l  u s e r s  of p a r t s  
shou ld  b e  w e l l  d e f i n e d  and s t r i n g e n t l y  e n f o r c e d  t o  p r e c l u d e  dam- 
a g e  t o  good p a r t s .  
PARTS LIST 
Accep tab le  P a r t s  
Tab le  l 2  i s  a  l i s t  of t r a n s i s t o r s  which have c o n s i d e r a b l e  success -  
f u l  usage  h i s t o r y .  Much c o n v e n t i o n a l  c i r c u i t  d e s i g n  can  b e  done 
u s i n g  t h e s e  d e v i c e s .  These p a r t s  are p r e f e r r e d  because  of t h e  
amount of q u a l i f i c a t i o n  and e v a l u a t i o n  d a t a  a v a i l a b l e  and because  
t h e i r  d e s i g n  and c o n s t r u c t i o n  meets most of t h e  d e s i r e d  c r i t e r i a  
d i s c u s s e d  i n  S e c t i o n  C .  I n  some a p p l i c a t i o n s ,  p a r t s  w i t h  b e t t e r  
performance c h a r a c t e r i s t i c s  are a v a i l a b l e ,  b u t  do n o t  have as much 
accummulated d a t a  and h i s t o r y ,  consequen t ly  i n v o l v e  more q u a l i f i -  
c a t i o n  e f f o r t s .  
Unacceptable  P a r t s  
Non-hermet ical ly  s e a l e d  d e v i c e s  are u n a c c e p t a b l e  because  of t h e  
con tamina t ion  invo lved  i n  p l a s t i c  e n c a p s u l a t i o n .  Mesa, grown 
j u n c t i o n ,  and a l l o y  c o n s t r u c t i o n s  have s e r i o u s  drawbacks over 
p l a n a r  t y p e s  and a r e  n o t  recommended. Germanium h a s  t empera tu re  
l i m i t a t i o n s  n o t  encountered i n  s i l i c o n  and consequen t ly  should 
n o t  b e  used.  C e r t a i n  new t e c h n o l o g i e s  such a s  ion- implan ta t ion ,  
and o t h e r  semiconductors  (GaAs, CdS, e t c , ) ,  do n o t  have proven 
s t a b i l i t i e s ,  e i t h e r  i n  manufacture  o r  a p p l i c a t i o n .  MOS t r a n s i s -  
t o r s  pose  some unique hand l ing  problems and t h e i r  u s e  should b e  
r e s t r i c t e d  t o  s p e c i a l  a p p l i c a t i o n s  where v e r y  h i g h  i n p u t  impedance 
p r e c l u d e  u s e  of j u n c t i o n  d e v i c e s .  Beam l e a d  appears  t o  o f f e r  
s e v e r a l  s o l u t i o n s  t o  common semiconductor problems, b u t  a  b e t t e r  
u n d e r s t a n d i n g  of i t s  un ique  f a i l u r e  mechanisms and problems must 
b e  o b t a i n e d  b e f o r e  i t  i s  wide ly  used.  Mesa c o n s t r u c t i o n s  a r e  
g e n e r a l l y  n e c e s s a r y  f o r  h i g h  v o l t a g e  d e v i c e s  ( 3 0 0 ~  BVCB o r  more).  
The t echn ique  f o r  p a s s i v a t i o n  must b e  c a r e f  u l i y  e v a l u a t e d  t o  under- 
s t a n d  i t s  i n f l u e n c e  on p a r t  l i f e .  
Table 22 Acceptable Pca?1ts 
2N2484 2N2605 (213799 B>) 
G e n e r a l  Purpose  
2N3546, 2N325 1 A  
C l i p p e r  
R. F, 2N918 (2N3700) 
Medium Power 
G e n e r a l  Purpose  2N2219A, 2N3019 2N2905A, 2N4405 
Swi tch ing  
R.P. D r i v e r  
Amp1 i f  ier  2N2880, 2N2814 
R.F. 
F i e l d  E f f e c t  
f Switch 
I 
213799 h a s  much b e t t e r  o p e r a t i n g  c h a r a c t e r i s t i c s  than  212605 b u t  n o t  as 
much h i s t o r y .  
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INTRODUCTION 
T h i s  c h a p t e r  is addressed  t o  d i o d e s  i n  g e n e r a l  r a t h e r  t h a n  d i r e c t e d  
towards s p e c i f i c  k i n d s  w i t h  r e s p e c t  t o  f u n c t i o n .  The d i e  f a b r i -  
c a t i o n  t echn iques  a r e  fundamental ly  t h e  same, w i t h  v a r i a t i o n s  i n  
geomet r ies  used t o  a c h i e v e  t h e  v a r y i n g  f u n c t i o n s .  T h i s  c h a p t e r  
a d d r e s s e s  t h r e e  fundamental  k i n d s  of package c o n s t r u c t i o n .  These 
a r e :  
1 )  Void less  m o n o l i t h i c .  
2 )  Double s l u g  w h i s k e r l e s s .  
3 )  Whisker (whisker  i n c l u d e s  a l l  connec t ions  w i t h  t h e  d i e  t h a t  a r e  
not  made d i r e c t l y  t o  a  s l u g / h e a t  s i n k  o r  an  e x t e r n a l  l e a d ) .  
There  a r e  many v a r i a t i o n s  w i t h  r e s p e c t  t o  packages .  These i n c l u d e  
microwave p i l l  t y p e s ,  TO-5 t y p e s ,  DO-7 t y p e s ,  DO-4 t y p e s ,  and o t h e r  
t y p e s  t h a t  have no common d e s i g n a t i o n .  Regard less  of t h e  v a r i a -  
t i o n s ,  t h e  d i e  a t t achment  and e l e c t r i c a l  i n t e r c o n n e c t i o n s  u t i l i z e d  
can  b e  d i s c u s s e d  a s  a  v a r i a t i o n  of t h e  t h r e e  fundamental  package 
c o n s t r u c t i o n s .  
The i n f o r m a t i o n  is  f u r t h e r  addressed  t o  k i n d s  of p a r t s  t h a t  have 
h i s t o r i c a l l y  demonstra ted a c a p a b i l i t y  of o p e r a t i n g  i n  t h e  m i l i t a r y  
and s p a c e  t y p e  environments.  An example of t h e s e  can b e  found by 
r e f e r r i n g  t o  t h e  l i s t  of a c c e p t a b l e  p a r t s  con ta ined  i n  S e c t i o n  F. 
B. GUIDELINES FOR LONG-LIFE ASSUPAMCE 
S t o r a g e  l i f e  of d i o d e s  i s  e s t i m a t e d  t o  b e  g r e a t e r  t h a n  t e n  y e a r s  
f o r  p r e s e n t  day p a r t s .  The s e r v i c e  l i f e  of a  d i o d e  t h a t  i s  w e l l  
c o n s t r u c t e d  and p r o p e r l y  a p p l i e d  i s  a l s o  e s t i m a t e d  t o  be  g r e a t e r  
than  t e n  y e a r s .  L i f e  l i m i t a t i o n s  a r e  due t o  f a i l u r e s  caused by 
d e f e c t s  r a t h e r  t h a n  l i f e  l i m i t i n g  wearout  mechanisms. 
P a r t  s c r e e n i n g  t e c h n i q u e s  normal ly  r e s t r i c t  p a r t  f a i l u r e s  t o  t h e  
p a r t  m a n u f a c t u r e r ' s  f a c i l i t y .  B e t t e r  wafe r  s c r i b i n g  t e c h n i q u e s ,  
i n - l i n e  checks  f o r  b u l k  s i l i c o n  d e f e c t s ,  o s c i l l o s c o p e  d i s p l a y  t e s t s ,  
parameter  d r i f t  d e t e c t i o n ,  and a c c o u s t i c a l  n o i s e  t e s t s  w i l l  mini-  
mize t h e  p r o b a b i l i t y  of r e c e i v i n g  d e f e c t i v e  p a r t s .  
The p a r t  u s e r  must a l s o  c o n t r i b u t e  t o  p a r t  l o n g - l i f e  by p roper  ap- 
p l i c a t i o n  of t h e  p a r t .  Packaging is  a s  much a p a r t  of p roper  ap- 
p l i c a t i o n  a s  is  t h e  c i r c u i t  a p p l i c a t i o n .  
1. Design G u i d e l i n e s  
1)  Use p h o s p h o s i l i c a t e  g l a s s  f o r  g l a s s i v a t i o n  of d i e  s u r f a c e s .  
The p h o s p h o s i l i c a t e  is  d e s i r e d  b e c a u s e  of i t s  c h a r a c t e r i s t i c  t o  
a c t  a s  a  g e t t e r i n g  a g e n t  f o r  sodium. 
2) Use s i l i c o n  n i t r i d e  (Si3N4) as i t  p r o t e c t s  j u n c t i o n s  from de- 
g r a d a t i o n  from t h e  mobi le  i o n s  such  a s  sodium. Si3N4 a l o n e  is i n -  
s u f f i c i e n t  a s  p r o c e s s  c o n t r o l  i s  d i f f i c u l t  and d e m o n s t r a t i o n  of  
c o n t r o l  is  a s  much a  r equ i rement  a s  t h e  p r e s e n c e  of t h e  Si3N4. 
3) U t i l i z e  l a s e r ,  chemical  o r  u l t r a s o n i c  s c r i b i n g  t e c h n i q u e s  t o  
p reven t  c r a c k s  t h a t  occur  d u r i n g  diamond s c r i b i n g .  
4 )  Use s c a n n i n g  o s c i l l a t o r  t e c h n i q u e s  (SOT) t o  a i d  i n  d e t e c t i n g  
b u l k  f a i l u r e s ,  such  a s  d i s l o c a t i o n s ,  t h a t  occur  d u r i n g  t h e  pro- 
c e s s i n g  s t a g e s .  
2 .  P r o c e s s  C o n t r o l  G u i d e l i n e s  
1) Dsmonstration - The p a r t  manufac tu re r  shou ld  d e m o n s t r a t e  pro- 
ce s s  c o n t r o l  e f f e c t i v e n e s s .  T h i s  shou ld  be i n  t h e  form of r e c o r d s  
t h a t  show i n c r e a s i n g  o r  s t a b l e  y i e l d s  f o r  t h e  p r o c e s s e s  i n  q u e s t i o n  
o r  i n  t h e  form of t e s t  d a t a  (from p e r i o d i c  t e s t i n g )  t h a t  shows de- 
c r e a s i n g  o r  s t a b l e  r e j e c t  r a t e s ,  Data  of t h i s  n a t u r e  w i l l  demon- 
s t r a t e  t h a t  t h e  p r o c e s s e s  a r e  be ing  c o n t r o l l e d  e f f e c t i v e l y .  O t h e r  
r e s u l t s  may i n d i c a L e  i n a d e q u a t e  p r o c e s s  c o n t r o l .  
2) Check Points - The p a r t  manufac tu re r  shou ld  have i n - l i n e  check 
p o i n t s  t h a t  v e r i f y  t h a t  t h e  p r o c e s s  i s  i n  c o n t r o l .  An example of 
t h i s  i s  a  l e a d  bond p u l l  t e s t  of a  sample of u n i t s  t a k e n  from t h e  
l i n e  i n  a  p e r i o d i c  manner. C o n s i s t e d  o r  i n c r e a s i n g  bond p u l l  v a l u e s  
would b e  i n d i c a t i v e  of l e a d  bond p r o c e s s  c o n t r o l .  Varying o r  de- 
c r e a s i n g  v a l u e s  would be  i n d i c a t i v e  of i n a d e q u a t e  p r o c e s s  c o n t r o l  
o r  p e r s o n n e l  v a r i a t i o n s .  
T e s t  G u i d e l i n e s  
T e s t i n g  must b e  based on t h e  r e s u l t s  of t h e  e v a l u a t i o n  of t h e  p a r t .  
T e s t s  may v a r y  from p a r t  t o  p a r t  depending on c o n s t r u c t i o n  and 
f u n c t i o n .  
1) The q u a l i f i c a t i o n  t e s t i n g  i n  s e c t i o n  D h e r e i n  shou ld  b e  per-  
formed on each procurement l o t .  These t e s t s  w i l l  v e r i f y  p a r t  fab-  
r i c a t i o n  p r o c e s s  c o n t r o l  t h a t  cou ld  v a r y  from l o t  t o  l o t .  The 
stress l e v e l s  w i l l  b e  governed by t h e  sys tem requ i rements .  
2) The s c r e e n  tests i n  s e c t i o n  D h e r e i n  shou ld  b e  performed on 
a l l  p a r t s  t o  b e  used i n  t h e  f a b r i c a t i o n  of p r o d u c t i o n  hardware.  
These  tests w i l l  d e t e c t  g r o s s  mechan ica l  d e f e c t s  and d e f e c t s  t h a t  
r e s u l t  i n  e l e c t r i c a l  parameter  v a r i a t i o n s  and e a r l y  l i f e  f a i l u r e s .  
3) Use o s c i l l o s c o p e  d i s p l a y  t e s t s  s i n c e  t h e y  a r e  more e f f e c t i v e  
t h a n  a u t o m a t i c  t e s t  equipment i n  d e t e c t i n g  p a r t s  w i t h  anomal ies .  
The o s c i l l o s c o p e  d i s p l a y  w i l l  a i d  i n  d e t e c t i n g  u n s t a b l e  p a r t s  by 
e x h i b i t i n g  t h e  breakdown c h a r a c t e r i s t i c s .  
4 )  E l e c t r i c a l  parameter  measurements must b e  made b e f o r e ,  d u r i n g  
and a f t e r  burn- in  o r  l i f e  t e s t i n g  t o  de te rmine  which p a r t s  a r e  s t a -  
b l e .  Pa ramete rs  may d r i f t  i n i t i a l l y  and t h e n  s t a b i l i z e  a t  a new 
l e v e l .  Measurements of t h i s  k ind would p r e c l u d e  r e j e c t i o n  of s t a b l e  
p a r  ts  . 
5) T e s t s  des igned t o  d e t e c t  p a r t i c l e s  such  a s  weld s p l a t t e r  o r  
s o l d e r  b a l l s  must b e  implemented. Monitored v i b r a t i o n  o r  a  P a r t i c l e  
Impact Noise  D e t e c t i o n  (FIND) t e s t  would b e  e f f e c t i v e .  
6) High tempera tu re  b i a s  must be  performed on p l a n a r  t y p e  d i o d e s .  
The exposure  t o  v o l t a g e  o r  c u r r e n t  and t empera tu re  w i l l  d e t e c t  in -  
v e r s i o n  o r  accumulat ion d e f e c t s .  
7 )  Burn- in  f o r  a l l  p a r t s  i s  recommended, 
4. A p p l i c a t i o n  G u i d e l i n e s  
I) C u r r e n t  and v o l t a g e  d e r a t i n g  must b e  r e q u i r e d .  T h i s  d e r a t i n g  
w i l l  m a i n t a i n  lower j u n c t i o n  t e m p e r a t u r e s  and p r o t e c t  a g a i n s t  spu- 
r i o u s  s u r g e s .  Cur ren t  and v o l t a g e  must  b e  d e r a t e d  50%. 
2) Stud  t o r q u e  and s e a t i n g  p l a n e  f l a t n e s s  must b e  c o n t r o l l e d  t o  
p r e v e n t  e x c e s s i v e  s t r e s s e s  i n  t h e  d i e l h e a d e r  i n t e r f a c e  and t o  pro- 
mote b e t t e r  h e a t  t r a n s f e r .  
3) L i m i t  o p e r a t i n g  j u n c t i o n  t e m p e r a t u r e  t o  llO°C t o  a c h i e v e  l o n g e r  
l i f e .  
4) P r o v i d e  s t r e s s  r e l i e f  of l e a d s  and i n t e r c o n n e c t i n g  w i r e s  t o  
p r e v e n t  damage t o  t h e  h e r m e t i c  s e a l  of t h e  p a r t .  
5.  8 S p e c i a l  C o n s i d e r a t i o n s  
1) C u r r e n t  r a t i n g s  i n  terms of l e a d  t e m p e r a t u r e  v e r s u s  l e a d  l e n g t h  
must b e  e s t a b l i s h e d .  T h i s  k ind  of i n f o r m a t i o n  i s  u s e f u l  t o  a  de- 
s i g n e r  f o r  c a l c u l a t i n g  h e a t  s i n k i n g  r e q u i r e m e n t s  and w i l l  s t a n d a r d -  
i z e  c u r r e n t  r a t i n g s .  
2) A manufac tu re r  s e l e c t i o n  must b e  performed.  S e l e c t i o n  c r i t e r i a  
c o n s i s t s  of a  h i s t o r y  s u r v e y ,  p r o c e s s  m a t u r i t y  v e r i f i c a t i o n ,  and 
p a r t  e v a l u a t i o n .  T h i s  w i l l  a i d  i n  s e l e c t i n g  t h e  b e s t  p a r t .  
C .  LIFE LIMITING PROBLEMS AND SOLUTIONS 
1. F a i l u r e  Mechanism Analys i s  
Diode f a i l u r e  modes c o n s i s t  of s h o r t s ,  opens ,  and parameter  degra-  
d a t i o n .  Mechanisms f o r  t h e s e  modes, which a r e  p r e c i p i t a t e d  by 
e l e c t r i c a l  o v e r s t r e s s  o r  mishand l ing ,  a r e  n o t  d i s c u s s e d .  The f a i l -  
u r e  mechanisms d i s c u s s e d  i n  t h e  f o l l o w i n g  paragraphs  a r e  summarized 
i n  Tab les  1 through 5. They a r e  c l a s s i f i e d  a s  f o l l o w s :  
1 )  Bulk D e f e c t s  - F a i l  I r e s  due t o  f a u l t s  i n  t h e  s i l i c o n  wafe r ;  
2)  S u r f a c e  D e f e c t s  - F a i l u r e s  due  t o  f a u l t s  i n  t h e  ox ide  o r  pas- 
s i v a t  i o n ;  
3)  Wire/Bond Defec t s  - F a i l u r e s  due t o  f a u l t s  i n  l e a d  i n t e r c o n n e c t s  
( i n t e r n a l  o r  e x t e r n a l ) ;  
4 )  Contaminat ion D e f e c t s  - F a i l u r e s  due t o  con tamina t ion  on t h e  
d i e  o r  i n  t h e  package; 
5) Mechanical  Defec t s  - F a i l u r e s  due t o  f a u l t s  i n  t h e  package o r  
d i e  a t t achment .  
a. Bulk Defects - Bulk f a u l t s  r e s u l t  from d e f e c t s  i n  t h e  s i l i c o n  
wafer  (Table  1 ) .  F a i l u r e s  of t h i s  n a t u r e  a r e  l i m i t e d  and a r e  usu- 
a l l y  d e t e c t e d  dur ing  e l e c t r i c a l  t e s t i n g  a t  t h e  p a r t  m a n u f a c t u r e r ' s  
f a c i l i t y .  D i s l o c a t i o n s ,  i f  p r e s e n t  d u r i n g  p r o c e s s i n g ,  p r o v i d e  nu- 
c l e a t i o n  c e n t e r s  t h a t  a r e  conducive t o  t h e  fo rmat ion  of m e t a l  pre-  
c i p i t a t e s  (Ref 1 ) .  T h i s  o c c u r r e n c e  c a u s e s  s o f t  breakdown charac- 
t e r i s t i c s  o r  h i g h  l eakage  c u r r e n t s .  F a i l u r e s  due t o  d i s l o c a t i o n s  
a r e  c o n s i d e r e d  t o  be  minor w i t h  r e s p e c t  t o  s u r f a c e - r e l a t e d  f a i l u r e s .  
D i s l o c a t i o n s  i n  wafe rs  can be d e t e c t e d  by t h e  u s e  of t h e  scann ing  
o s c i l l a t o r  t echn ique  (Ref 2 ) .  T h i s  i s  a  n o n d e s t r u c t i v e  t e c h n i q u e  
and can  be  u t i l i z e d  a s  an i n - l i n e  check a f t e r  each p r o c e s s i n g  s t e p .  
D i s l o c a t i o n s  may be p r c s e n t  d u r i n g  e l e c t r i c a l  t e s t i n g ,  b u t  l o c a t e d  
such t h a t  e l e c t r i c a l  t e s t i n g  does  n o t  d e t e c t  them. T h i s  i s  p a r t i c -  
u l a r l y  t r u e  when t h e  t t i t  is  performed by s h o r t  p u l s e  t echn iques  
o r  w i t h  d i g i t a l  r e a d o u t s .  Because of s t r e s s e s  dur ing  u s e ,  d i s l o -  
c a t i o n s  may propaga te  t o  t h e  j u n c t i o n  a r e a  and degrade  breakdown 
o r  l eakage  c u r r e n t .  

Cracked d i e  a r e  u s u a l l y  d e t e c t e d  d u r i n g  a  v i s u a l  o r  a n  e l e c t r i c a l  
t e s t .  However, i t  i s  p o s s i b l e  t h a t  c r a c k s  c o n s i d e r e d  t o  be  accep ta -  
b l e  d u r i n g  t h e  v i s u a l  examinat ion cou ld  p r o p a g a t e ,  due t o  temper- 
a t u r e  c y c l i n g ,  and p e n e t r a t e  t h e  j u n c t i o n .  The t ime  invo lved  cou ld  
b e  such  t h a t  f a i l u r e  occurs  d u r i n g  s e r v i c e .  The u s e  of l a s e r ,  
chemica l ,  o r  u l t r a s o n i c  s c r i b i n g  t e c h n i q u e s  cou ld  e l i m i n a t e  o r  min- 
imize  t h e  p o s s i b i l i t y  of t h i s  mechanism o c c u r r i n g .  
b.  Surface Defects - S u r f a c e  f a u l t s ,  a s  d i s c u s s e d  h e r e i n ,  a r e  ap- 
p l i c a b l e  t o  b o t h  mesa and p l a n a r  p a r t s  ( s e e  T a b l e  2 ) .  These f a i l -  
u r e s  r e s u l t  from d e f e c t s  i n  t h e  o x i d e  l a y e r  and s u r f a c e  p a s s i v a t i o n  
o r  c l e a n l i n e s s  of t h e  d i e  s u r f a c e  a t  t h e  j u n c t i o n .  D e f e c t s  on 
p l a n a r  c o n s t r u c t i o n  r e s u l t  i n  i n v e r s i o n ,  accumula t ion ,  o r  s h o r t s .  
F a i l u r e s  on mesa c o n s t r u c t i o n  r e s u l t  i n  h i g h  l e a k a g e  c u r r e n t s  o r  
premature  v o l t a g e  breakdown. 
I n v e r s i o n  i s  a  phenomenon a c c e n t u a t e d  by a  h i g h  t empera tu re  r e v e r s e  
b i a s  (HTRB). It o c c u r s  when a  P-type r e g i o n  forms on t h e  ca thode  
s u r f a c e ,  r e s u l t i n g  i n  a n  e x t e n s i o n  of t h e  anode r e g i o n  and caus ing  
h i g h  l eakage  c u r r e n t  (Ref 3 ) .  
S h o r t s  a r e  caused by p i n h o l e s  i n  t h e  ox ide .  P i n h o l e s  t h a t  go 
through t h e  o x i d e  a r e  r e l a t i v e l y  easy  t o  d e t e c t  d u r i n g  e l e c t r i c a l  
t e s t .  P i n h o l e s  t h a t  do n o t  go comple te ly  through t h e  o x i d e  a r e  a  
p o t e n t i a l  problem t h a t  can r e s u l t  i n  breakdown v o l t a g e  and l eakage  
c u r r e n t  d e g r a d a t i o n .  
Accumulation is  a phenomenon brought  abou t  by a  h i g h  t empera tu re  
forward b i a s  (HTFB). I t  o c c u r s  when donor s t a t e s  i n  t h e  o x i d e  
become p o s i t i v e l y  charged ,  r e s u l t i n g  i n  a n  n+ l a y e r  t h a t  r e s u l t s  
i n  h i g h  l e a k a g e  c u r r e n t s  (Ref 3 ) .  
c. Wire/Bond Defects - Diodes come i n  a  v a r i e t y  of packages.  
Some of them a r e  s i m i l a r  t o  t h e  t r a n s i s t o r  TO-5 t y p e s .  For t h e s e  
t y p e s  t h e  wi re lbond  f a i l u r e s  w i l l  be  of a  s i m i l a r  n a t u r e  ( s e e  
Tab le  3 ) .  
Gold-aluminum systems exper ience  f a i l u r e s  caused by i n t e r m e t a l l i c  
fo rmat ions  o r  v o i d s  under t h e  bond. Aluminum - aluminum systems 
e x p e r i e n c e  f a i l u r e s  i n  t h e  w i r e  a d j a c e n t  t o  t h e  bond a r e a  due t o  
e x c e s s i v e  p r e s s u r e  d u r i n g  bonding c a u s i n g  c r a c k i n g  i n  t h e  w i r e .  
The gold-to-gold thermal  compression t y p e  of i n t e r c o n n e c t  i s  t h e  
p r e f e r r e d  t echn ique .  Th is  is  because  of t h e  c o m p a t i b i l i t y  between 
t h e  w i r e  m e t a l  and bonding pad m e t a l .  I n  a d d i t i o n ,  t h e  gold  w i r e  
h a s  b e t t e r  l o n g - l i f e  c h a r a c t e r i s t i c s  w i t h  r e s p e c t  t o  t empera tu re  
c y c l i n g  caused by c u r r e n t  s w i t c h i n g .  
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E s t a b l i s h e d ,  v e r i f i e d ,  and con t ro lLed  bond s c h e d u l e s  a r e  a  r e q u i r e -  
ment f o r  r e l i a b l e  bonds. The p a r t  manufac tu re r  shou ld  have evi -  
dence of bond s c h e d u l e  parameter  combinat ions  t h a t  were  used i n  
deve lop ing  h i s  bond s c h e d u l e  f o r  each  kind of p a r t .  He shou ld  
have t e s t  d a t a  t o  show t h e  s t r e s s  l e v e l s  t h a t  t h e  v a r i o u s  bond 
s c h e d u l e s  a r e  c a p a b l e  of w i t h s t a n d i n g .  He shou ld  have i n - l i n e  
c o n t r o l  t o  a s s u r e  t h a t  bond q u a l i t y  is  be ing  main ta ined .  
Most of t h e  S  o r  C bend t y p e  of i n t e r c o n n e c t  d e f e c t s  a r e  e a s i l y  de- 
t e c t e d  by a  v i s u a l  i n s p e c t i o n  of t h e  completed package p r i o r  t o  
p a i n t i n g .  These  a r e  t h e  m i s p l a c e d ,  e x c e s s i v e  bend o r  touch ing  d i e  
t y p e  of d e f e c t s .  A more d i f f i c u l t  t y p e  of d e f e c t  t o  d e t e c t  i s  
i n s u f f i c i e n t  p r e s s u r e  a g a i n s t  t h e  d i e  c o n t a c t  o r  mechanical  con- 
t a c t  o n l y .  
Power s t u d  d i o d e s  u s e  a  v a r i e t y  of i n t e r c o n n e c t  t e c h n i q u e s .  Some 
u s e  a n  u l t r a s o n i c  bond, some u s e  a n  a l l o y  t y p e  and some u s e  s o l d e r .  
The s o l d e r  t y p e  a f  i n t e r c o n n e c t  would be t h e  l e a s t  d e s i r a b l e  be- 
c a u s e  of a  the rmal  f a t i g u e  problem. The a l l o y  o r  e u t e c t i c  t y p e  
h a s  proven t o  be  a n  a c c e p t a b l e  method. The u l t r a s o n i c  bond i s  a  
r e l i a b l e  t e c h n i q u e  i f  p r o p e r l y  e s t a b l i s h e d  and c o n t r o l l e d .  Some 
p a r t s  may have e i t h e r  a n  a l l o y  and a n  u l t r a s o n i c  bond o r  a n  u l t r a -  
s o n i c  bond and a n  e l e c t r o n i c  weld.  
The prime concerns  shou ld  be  t h a t  t h e  p r o c e s s  has  been e s t a b l i s h e d ,  
v e r i f i e d ,  i s  c o n t r o l l e d ,  and u s e s  m a t e r i a l s  t h a t  a r e  compat ib le .  
Some doub le  s l u g  t y p e  d i o d e s  depend on t h e  g l a s s  c a s e  t o  p r o v i d e  
t h e  compress ion t o  m a i n t a i n  e l e c t r i c a l  c o n t a c t  between t h e  d i e  and 
t h e  l e a d s .  T h i s  can r e s u l t  i n  parameter  v a r i a t i o n  d u r i n g  temper- 
a t u r e  c y c l i n g .  A f t e r  a  s t a b i l i z a t i o n  p e r i o d ,  t h e  pa ramete r s  a r e  
w i t h i n  s p e c i f i c a t i o n  l i m i t s .  The 'change o c c u r s  d u r i n g  t h e  temper- 
a t u r e  change because  of a  d i f f e r e n c e  i n  the rmal  c o e f f i c i e n t  of 
expans ion  between t h e  g l a s s  and t h e  h e a t  s i n k  m a t e r i a l s .  
Some doub le  s l u g  d i o d e s  u s e  a  c o n s t r u c t i o n  t echn ique  t h a t  forms a  
m o n o l i t h i c  s t r u c t u r e  of t h e  h e a t  s i n k s  and t h e  d i e .  T h i s  i s  
ach ieved  by p l a t i n g  t h e  d i e  and t h e  h e a t  s i n k s  w i t h  compat ib le  ma- 
t e r i a l s  and e l e v a t i n g  them t o  a h i g h  t empera tu re  (lOOO°C) t o  form 
t h e  bond. The bond i n t e r f a c e  is  a c r o s s  t h e  t o t a ?  d i e  s u r f a c e .  
Methods of e x t e r n a l  l e a d  a t t a c h m e n t  t o  t h e  d i o d e  h e a t  s i n k s  v a r y .  
One method is  t o  form t h e  l e a d  a t t achment  d i r e c t l y  t o  t h e  h e a t  
s i n k  u s i n g  o n l y  t h e  h e a t  s i n k  p l a t i n g  and t h e  l e a d  m a t e r i a l  t o  form 
a e u t e c t i c  bond. T h i s  r e s u l t s  i n  a bond t h a t  i s  as s t r o n g  as  t h e  
t e n s i l e  s t r e n g t h  of t h e  w i r e .  The bond is formed a t  about  700°C 
and i s  r e l a t i v e l y  v o i d  f r e e .  Another method i s  t o  u t i l i z e  a t h i r d  
m e t a l  a s  t h e  e u t e c t i c .  T h i s  method h a s  a tendency t o  have  v o i d s  
s i m i l a r  t o  t h o s e  encounte red  i n  e u t e c t i c  d i e  mounting.  Severe  
v o i d i n g  could  r e s u l t  i n  a  weak l e a d  connec t ion  t h a t  cou ld  f a i l  i n  
shock o r  v i b r a t i o n  d u r i n g  s e r v i c e .  
d. Contamination Defects - Contaminat ion d i s c u s s e d  i n  t h i s  para- 
g raph  r e f e r s  t o  any m a t e r i a l  i n  t h e  package,  l o o s e  o r  a t t a c h e d ,  
t h a t  i s  n o t  p a r t  of t h e  d e s i g n .  Examples a r e  weld s p l a t t e r ,  s i l i-  
con c h i p s ,  s o l d e r  b a l l s ,  and p i e c e s  of i n t e r n a l  l e a d  w i r e .  These 
a r e  summarized i n  Tab le  4 .  
S e a l i n g  of m e t a l  packages by welding causes  a  weld s p l a t t e r .  These 
p a r t i c l e s  of weld s p l a t t e r  may o r  may n o t  be l o c a t e d  s o  a s  t o  be  
d e t e c t e d  d u r i n g  e l e c t r i c a l  t e s t i n g .  Those t h a t  a r e  n o t  may r e l o -  
c a t e  d u r i n g  shock o r  v i b r a t i o n  i n  usage  and c a u s e  a  s h o r t i n g  con- 
d i t i o n  a t  t h a t  t ime .  
S i l i c o n  c h i p s  can  r e s u l t  from diamond wafer  s c r i b i n g .  S c r i b i n g  may 
c a u s e  c r a c k s  i n  t h e  s i l i c o n  t h a t  w i l l  p ropaga te  i n  a  manner t h a t  
w i l l  c a u s e  a  c h i p  of s i l i c o n  t o  s e p a r a t e  from t h e  d i e .  The pro- 
p a g a t i o n  r a t e  i s  dependent on t ime,  t empera tu re  and environment  ex- 
posure .  The c h i p  could  c a u s e  a  s h o r t  o r  mechanical  damage d u r i n g  
shock and v i b r a t i o n  i n  usage .  
Some d i o d e s  a r e  assembled u s i n g  s o l d e r  t o  a t t a c h  t h e  d i e  t o  t h e  
header .  During t h e  s o l d e r i n g  p r o c e s s ,  s o l d e r  b a l l s  may be  formed. 
T h i s  i n t r o d u c e s  a  p o t e n t i a l  f a i l u r e  mechanism of t h e  same t y p e  a s  
weld s p l a t t e r .  The b a l l s  may break  l o o s e  d u r i n g  environmental  . . 
s t r e s s  and c a u s e  s h o r t s .  
Diodes assembled w i t h  i n t e r n a l  l e a d  w i r e s  a r e  exposed t o  p o t e n t i a l  
f a i l u r e  mechanisms s i m i l a r  t o  t r a n s i s t o r s  and i n t e g r a t e d  c i r c u i t s .  
Wire p a r t i c l e s  and p i e c e s  may remain i n  t h e  package t o  c a u s e  s h o r t s  
o r  mechanical  damage. These k i n d s  of d i o d e s  l end  themselves  t o  
i n t e r n a l  v i s u a l  i n s p e c t i o n s  t h a t  w i l l  remove many of t h e  d e f e c t s .  
e .  PdechanicaZ Defects - Mechanical  d e f e c t s  d i s c u s s e d  i n  t h i s  para-  
g r a p h  a r e  r e l a t e d  t o  t h e  package d e f e c t s  t h a t  p r e v e n t  t h e  p a r t  from 
performing i t s  in tended  f u n c t i o n .  Examples a r e  l o s s  of h e r m e t i c  
s e a l ,  d i e  s e p a r a t i o n ,  and poor s o l d e r a b i l i t y .  These a r e  summarized 
i n  Tab le  5. 
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Loss of h e r m e t i c  s e a l  i s  caused by cracked g l a s s ,  bubbles  o r  v o i d s  
i n  t h e  g l a s s  o r  poor adhes ion  of t h e  g l a s s  t o  t h e  m e t a l .  These 
d e f e c t s  a r e  d e t e c t e d  by hermet ic  s e a l  t e s t s  o r  a  v i s u a l  i n s p e c t i o n .  
Cracks a r e  caused by improper hand l ing  o r  mounting i n  usage .  
Die s e p a r a t i o n  o c c u r s  when e x c e s s i v e  v o i d s  a r e  p r e s e n t  i n  t h e  d i e  
bond m a t e r i a l  o r  t h e  d i e  bond m a t e r i a l  d e t e r i o r a t e s  w i t h  t ime  o r  
t empera tu re .  F a i l u r e s  o f  t h i s  n a t u r e  a r e  r e l a t e d  t o  c o n s t r u c t i o n s  
t h a t  do n o t  c o n t a i n  t h e  d i e  by some means; e . g . ,  doub le  s l u g  w i t h  
a  g l a s s  s l e e v e  a s  a  s t r u c t u r a l  member; C o r  S  whisker  w i t h  s p r i n g  
p r e s s u r e .  They a l s o  occur  i n  TO-5 o r  DO-4 t y p e  c a s e  where t h e  d i e  
bond r e l i e s  on a  e u t e c t i c  o r  s i m i l a r  t y p e  bond. 
Poor s o l d e r a b i l i t y  r e s u l t s  from contaminated p l a t i n g ,  poor adhes ion  
of p l a t i n g ,  o r  p l a t i n g  t h a t  fundamenta l ly  h a s  poor s o l d e r a b i l i t y  
c h a r a c t e r i s t i c s .  Contaminated p l a t i n g  i s  caused by hand l ing  w i t h  
b a r e  hands and l e a v i n g  f i n g e r  o i l s  o r  a c i d s  on t h e  l e a d s ,  inade-  
q u a t e  c l e a n i n g  of c o r r o s i v e  s o l v e n t s ,  o r  o x i d a t i o n  of t h e  l e a d  
p l a t i n g .  There  a r e  p r o t e c t i v e  c o a t i n g s  a v a i l a b l e  t h a t  a r e  com- 
p a t i b l e  w i t h  s t a n d a r d  f l u x i n g  and s o l d e r i n g  t e c h n i q u e s .  These 
c o a t i n g s  p r o t e c t  t h e  l e a d s  from o x i d a t i o n  o r  con tamina t ion  due t o  
hand l i n g .  
Poor adhes ion  of p l a t i n g  i s  caused by con tamina t ion  of t h e  b a s e  
m e t a l  p r i o r  t o  p l a t i n g ,  improper c l e a n i n g  of t h e  b a s e  m e t a l ,  p l a t -  
i n g  t h a t  i s  n o t  compat ib le  w i t h  t h e  b a s e  m e t a l ,  o r  p l a t i n g  d i r e c t -  
l y  o v e r  t h e  b a s e  m e t a l  w i t h o u t  an  i n t e r m e d i a t e  m e t a l  t o  a i d  i n  ad- 
h e s i o n .  Adhesion problems a f f e c t  long  l i f e  because  they  a r e  a 
t ime  dependent mechanism. The b e s t  means of p r e v e n t i o n  i s  a  re-  
view of t h e  p r o c e s s e s  t o  be used t o  de te rmine  i f  sound m e t a l l u r g i -  
c a l  p r a c t i c e s  a r e  fo l lowed .  
P l a t i n g s  t h a t  have poor s o l d e r a b i l i t y  c h a r a c t e r i s t i c s  tend t o  
c a u s e  more problems t h a n  f a i l u r e s .  Some p l a t i n g  m a t e r i a l s  have 
c h a r a c t e r i s t i c s  t h a t  do n o t  l end  themselves  t o  e a s e  of s o l d e r i n g .  
N i c k e l  i s  a n  example. Connections can be  made t o  n i c k e l  i f  pro- 
p e r  p r e p a r a t i o n  is  performed. T h i s  p r e p a r a t i o n  is  more complex 
t h a n  when p r e p a r i n g  a  t i n  p l a t e d  l e a d  f o r  s o l d e r i n g .  Poor s o l d e r  
j o i n t s  of t h i s  type  a r e  u s u a l l y  d e t e c t e d  i n  lower assembly l e v e l s  
and do n o t  c a u s e  system f a i l u r e s  because  of poor s o l d e r  j o i n t s .  
However, e f f e c t s  of rework on t h e  sys tem r e l i a b i l i t y  could  be  
s i g n i f i c a n t .  
a* Scl;.Zec&ioil C P { ~ B ? + ~ ~ X  - Devel.opj.ng tht? s e l e c t L o n  c r i t e r i a  for 
 par,^^ f o r  Long- l i fe  a p p l i c a t i o n s  i s  :I, c r i t i c a l  phase  i n  tlie t o t a l  
f f  'j'j~e piirpose of a pr.c--u:;~e i.iialwa ti.or: 5s t o  de.l-,ermine \\that 
p a r t  t y p e s  wo-ald b e  b e s t  t o  lase and l o r  ciac.h p a r t  t y p e  ~ r b ~ f . c h  ijne 
is  b e s t  and i~h j . ch  ~nar iu fac tu re r  w o u l t i  be liest. Tho c r i t e r : l n  shou ld  
be  e s t a b l i s h e d  and implemeni:ed a s  ea r ly  as p o s s i b l c  s o  t h a t  a1.l 
plzases c a n  b e  ci?mpleted i n  a  t i a e  fraii~e t h a t  i s  colnpati 'ble w i t h  
tire needs of d e s i g n  e n g i n e e r i ~ g ,  procurenlent ,  and maizufactnring,  
? % i.he c r i t e r i a  s h o ~ l d  incltade a h i s t o r y  s u r v e y ,  p r o c e s s  matul-it:y 
v e r i f i c a t i o n ,  p a r t  e v a l u a t i o n ,  mr-inu:factrirer e i ~ a l u a t i . o n ,  and p r o s -  
ence  of d e s i r e d  c o n s k r u c t i o n  f e a t u r e s ,  
1) Xist,o~y Suuuc? - The h i s t o r y  su rvey  i s  n e c e s s a r y  t o  d e t e r m i n e  
 he s u c c e s s  t h ~ ~  c a n d i d a ~ e  p a r t s  have had i n  p rev ious  space  ap- 
pl i c a c i o n s .  F a i l u r e s  thaL have oc-curreb slaould b e  checked t o  v e r -  
Ify t h e  f a i l u r e  mechdnisms, ('Skais info~mcitioan w i l l  s e r v e  a s  a 
guide  f o r  q u a l i f i c a t i o n  o r  s c r e e n  t e s t  a c t i v i t y . )  I n f o r m a t i o n  ob- 
t a i n e d  on t h e  h i s t o r y  su rvey  can be  used  t o  rnodif j~  p r e l i m i n a r y  
p r e f e r r e d  p a r t s  lisLs- D a b  from v a r i o u s  l o t s  shou ld  be  e77alncLted 
co de te rmine  s ~ a b i l i t y  from l o t  ko J o t ,  
2) Procass Flut~~rity i/a~~ificat!:o?~ - P r o c e s s  m a t u r i t y  v t r i f  i r a t io rn  
is  n e c e s s a r y  i n  o r d e r  t o  keep p a c t  e v a l u a k i o n s  and d e s i g n  pa ramete r s  
from f l u c t u a t i n g ,  The u s e r  should  r e v i e w  p r o c e s s e s  t o  de te rmine  
~,shen changes were  made and r ~ l - t a ~  the change was,  Too inany changes 
o r  v a s c i l l a t - i o n s  may be i n d ~ c a k i v e  o l  urzeatabl ished o r  o u t  of con- 
t r o l  p r o c e s s e s ,  Each change w i l l  have t o  b e  judged on i t s  own 
mer ics .  T e s t  d a t a  shob id  be  a \ r a i l d b l e  t o  v e r i k y  t h a t  t h e  changes 
do what was in tended  and do ilot cdca::t2 - 'reactions that, d r e  d e t r i m e n -  
t a l  t o  the l i f e  of t h e  p a r t .  
J/ Park EuaZuntiolz - P a r t  eva iua t lo r l  i s  r iecessary  t o  i1ei;erminc 
which p a r t  h a s  f e a t u r e s  most conduc.ive t o  :I.ong-li-fe. The ccralua- 
t i o n  shou ld  i n c l u d e  e l e c t r i c a l .  t e s t s ,  i n c l u d i n g  s t e p  s t r e s s  t e s t i n g ;  
s h o r t - t e r m  l i f e  (LOO0 t o  2000 hours )  s t a b i l i t y ;  lo i~g- te rm l i f e  
(l0,OQO o r  more hours )  s t a b i l i t y ,  '?'his may be  s a t i s f i e d  by  e x i s t i n g  
d a t a  o r  a n a l y s i s  of p r e s t r e s s e d  p a r t s  t o  b e  compared t o  c o n s t r u c -  
t i o n  ana l .ys i s  of environmeaztally and e L e c t r i c a l l y  s t r e s s e d  p a r t s .  
E.i~aliaal:ior?s of thi.s tlutilre a r e  tilne consum:irag, c o s t l y ,  and a r e  
i rsuai ly  performed ir? a marme]: thoi; y i e l d s  i n a d e q u a t e  r e s u l t s .  A 
cllleclt of o t h e r  u s e r s  may r e ~ r c a l  i - v d l ~ r a t i o n s  :--- i n  tile p rocesses  of 
'being pi.:rriorr:leti o r  aircady couipieL:etl. Suc11 r e s u l t s  coi i ld  b e  rlsed 
i.f thcii i-  i~r t :eg i - i ty  i::in be  \ r e r i f i e i l ,  
The c o n s t r u c t i o n  a n a l y s i s  should  be performed on more than one o r  
two p a r t s  and shou ld  c o n c e n t r a t e  on t h e  soundness  of t h e  d e s i g n ,  
a p p a r e n t  p r o c e s s  c o n t r o l ,  and t h e  p r e s e n c e  of d e s i r e d  f e a t u r e s .  
4) Manufacturer Evaluation - An e v a l u a t i o n  of t h e  manufac tu re r  
shou ld  a l s o  b e  performed t o  de te rmine  h i s  phi losophy toward h i g h  
r e l i a b i l i t y  p a r t s ,  p r o c e s s  c o n t r o l s ,  h i s  r e a c t i o n  t o  f a i l u r e  ana l -  
y s i s  c o r r e c t i v e  a c t i o n  recommendations, h i s  a b i l i t y  t o  d e l i v e r  when 
promised,  h i s  q u a l i t y  c o n t r o l  p o l i c i e s  and r e c o r d s ,  h i s  manufactur-  
i n g  a r e a s  and t e s t  f a c i l i t i e s ,  h i s  p r e d i c t i o n s  on how long produc- 
t i o n  of t h e  p a r t s  w i l l  c o n t i n u e ,  and t h e  back l o g  of o r d e r s  f o r  
t h e  p a r t s  be ing  cons idered .  
5 )  Presence o f  Desired Features - The d e s i r e d  f e a t u r e s  f o r  long- 
l i f e  of d i o d e s  can be  covered on ly  i n  a  g e n e r a l  s e n s e  because  of 
t h e  v a r i e t y  of c o n s t r u c t i o n s  used.  What is  i d e a l  f o r  one is  n o t  
n e c e s s a r i l y  i d e a l  f o r  a n o t h e r .  The i t e m s  t o  be  cons idered  i n c l u d e  
c o n s t r u c t i o n  f e a t u r e s ,  s t a b i l i t y  of p a r a m e t e r s ,  and s p e c i f i c  fea -  
t u r e s .  The c o n s t r u c t i o n  f e a t u r e s  a r e  summarized i n  T a b l e  6 .  
Construction - Cons idera t ion  must be g i v e n  t h e  soundness of con- 
s t r u c t i o n  w i t h  r e s p e c t  t o  t h e  kind of d i o d e  be ing  cons idered  and 
t h e  a p p l i c a t i o n  c o n d i t i o n s  t h a t  w i l l  b e  encounte red .  
When a  c h o i c e  can b e  made between a  m o n o l i t h i c  double  s l u g  and 
o t h e r  k inds  of c o n s t r u c t i o n ,  t h e  m o n o l i t h i c  c o n s t r u c t i o n  i s  t h e  
d e s i r a b l e  t echn ique ;  between a  whisker  s w i t c h i n g  d iode  and a  double  
s l u g  s w i t c h i n g  d i o d e ,  t h e  double  s l u g  d i o d e  i s  t h e  d e s i r e d  tech-  
niq.ue; between a  s o l d e r  d i e  bond and a  e u t e c t i c  d i e  bond, t h e  eu- 
t e c t i c  d i e  bond i s  t h e  d e s i r a b l e  t e c h n i q u e ;  between l e a d  a t t a c h -  
ment methods t o  double  s l u g  d i o d e s ,  f i r s t  cho ice  i s  s i n g l e  e lement  
e u t e c t i c ,  second c h o i c e  is  d u a l  element e u t e c t i c ,  t h i r d  c h o i c e  would 
be  s o l d e r e d .  
Epoxy d i e  bonds have been cons idered  t o  be  u n d e s i r a b l e .  G e n e r a l l y  
speak ing ,  t h i s  may be t r u e .  Some manufac tu re r s  have used a  form 
of an epoxy t o  a c h i e v e  a  d i e  bond. P a r t s  of t h i s  n a t u r e  have been 
used on h i g h  r e l i a b i l i t y  programs w i t h  no d i e  bond f a i l u r e s  o r  
parameter  d e g r a d a t i o n  a t t r i b u t e d  t o  epoxy. I f  epoxy d i e  bonding 
i s  t h e  on ly  f a u l t  no ted ,  i t s  o t h e r  f e a t u r e s  may outweigh t h e  fea -  
t u r e s  of a  p a r t  w i t h  a  e u t e c t i c a l l y  bonded d i e .  
I t  i s  n o t  s u f f i c i e n t  t o  s e l e c t  a  bonding t e c h n i q u e  wi thou t  g i v i n g  
c o n s i d e r a t i o n  t o  p rocess  c o n t r o l  o r  s u c c e s s  h i s t o r y .  A good tech- 
n ique  by i t s e l f  does no t  a s s u r e  l o n g - l i f e .  E v a l u a t i o n  i s  neces- 
s a r y  t o  s e l e c t  t h e  b e s t  p a r t .  
-- - 
DESIGN FACTORS 
i .  CONSTRUCTION 
a, lslcrno l i  kiic doub le  s l u g  Th i s  c o n s t r u c t i o n  i s  l i m i t e d  t o  r e c t i -  
f i e r s  and some g e n e r a l  purpose  d i o d e s .  
b .  Die bond 
G , Lead a t  tacl-lment 
2 . DIE CONS 1XUC'I'ION 
a .  V a s s i v a t i o n  
b .  P l a n a r  
c ,  S c r i b i n g  
The p r e f e r r e d  method i s  a  g o l d  
e u t e c t i c .  
The b e s t  method i s  a  s i n g l e  e lement  
e u t e c t i c .  Second c h o i c e  i s  a d u a l  
e lement  e u t e c t i c ,  S o l d e r i n g  i s  t h e  
t h i r d  c h o i c e .  
P h o s p h o s i l i c a t e  g l a s s  shou ld  be used 
P l a n a r  t y p e  c o n s t r u c t i o n  shou ld  b e  
used r a t h e r  t h a n  mesa. 
L a s e r ,  cheniical  o r  u l t r a s o n i c  
s c r i b i n g  s h o u l d  b e  used .  
Use of t h e  double  s l u g  t y p e  package e l i m i n a t e s  some of t h e  f a i l u r e  
mechanisms common t o  whisker  t y p e  packages.  I n  some i n s t a n c e s ,  i t  
may i n t r o d u c e  f a i l u r e  mechanisms t h a t  a r e  n o n - e x i s t a n t  i n  whisker  
t y p e  d i o d e s .  The m o n o l i t h i c  double  s l u g  i s  a n  improvement i n  con- 
s t r u c t i o n  o v e r  t h e  double  s l u g .  
The m o n o l i t h i c  double  s l u g  i s  n o t  " the"  s o l u t i o n .  C e r t a i n  d i o d e  
c h a r a c t e r i s t i c s  a r e  achieved by t echn iques  t h a t  do n o t  l end  them- 
s e l v e s  t o  t h e  m o n o l i t h i c  o r  non-momolithic double  s l u g  c o n s t r u c t i o n .  
For  example, c h a r a c t e r i s t i c s  t h a t  a r e  n e c e s s a r y  f o r  h i g h  f requency 
microwave a p p l i c a t i o n s  a r e  achieved by e t c h i n g  t h e  s i l i c o n  t o  form 
a  mesa. The e t c h i n g  reduces  t h e  s t r e n g t h  of t h e  s i l i c o n  i n  t h e  
j u n c t i o n  a r e a ,  r e s u l t i n g  i n  an  i n a b i l i t y  t o  s u p p o r t  a  bond t o  t h e  
s l u g .  
Parameter S t a b i l i t y  - Parameter  s t a b i l i t y  i s  a f u n c t i o n  of pass iva -  
t i o n  m a t e r i a l s  and t e c h n i q u e s .  Opinions v a r y  a s  t o  t h e  i d e a l  
p a s s i v a t i o n .  Most a g r e e  t h a t  a  g l a s s i v a t i o n  o f f e r s  t h e  most s i g n i -  
f i c a n t  p r o t e c t i o n .  The g l a s s  should  b e  a  p h o s p h o s i l i c a t e  t y p e  
t h a t  w i l l  a c t  a s  a  g e t t e r i n g  a g e n t  f o r  i m p u r i t y  i o n s .  
S i l i c o n  N i t r i d e  (Si3N4) has  c h a r a c t e r i s t i c s  t h a t  a r e  d e s i r a b l e  f o r  
a  p a s s i v a t i n g  m a t e r i a l .  Some manufac tu re r s  a r e  u s i n g  i t  now. 
O t h e r s  have t r i e d  i t  i n  t h e  p a s t  and found t h a t  i t  d i d  n o t  o f f e r  
s i g n i f i c a n t  advan tages  over  a  p h o s p h o s i l i c a t e  g l a s s  a t  t h a t  t ime.  
T h e o r e t i c a l l y ,  Si3N4 would enhance t h e  l i f e  of semiconductors  be- 
c a u s e  of i t s  r e s i s t a n c e  t o  d i f f u s i o n  by many e lements ,  h igh  d i e -  
l e c t r i c  c o n s t a n t ,  chemical  i n e r t n e s s ,  and mechan ica l  d u r a b i l i t y  
(Ref 4 ) .  P r o c e s s  c o n t r o l  i s  c r i t i c a l  i n  t h e  a p p l i c a t i o n  of Si3Nq. 
Although i t s  u s e  may be  d e s i r a b l e ,  t h e  manufac tu re r  ' s  a b i l i t y  t o  
c o n t r o l  t h e  a p p l i c a t i o n  shou ld  be  v e r i f i e d .  A p a r t ,  w i t h  Si3N4,  
from a  manufac tu re r  t h a t  has  r e c e n t l y  implemented i t  may n o t  be 
a s  r e l i a b l e  a s  a  p a r t  from a  manufac tu re r  t h a t  does n o t  u s e  i t .  
P a r t  e v a l u a t i o n  w i l l  h e l p  t o  s e l e c t  t h e  b e s t  p a r t .  Parameter 
s t a b i l i t y  i s  t h e  prime c o n s i d e r a t i o n .  
Spec i f i c  Features - There  a r e  some s p e c i f i c  f e a t u r e s  t h a t  shou ld  
i n f l u e n c e  t h e  s e l e c t i o n  i f  a22 o ther  items considered are equal. 
These a r e :  
a )  Die or  Geometry S i ze  - The l a r g e r  t h e  j u n c t i o n ,  t h e  g r e a t e r  
t h e  c u r r e n t  c a r r y i n g  c a p a b i l i t y .  Conversely ,  t h i s  means t h a t  f o r  
t h e  same c u r r e n t ,  t h e  j u n c t i o n  w i l l  be c o o l e r .  
b )  Die Shape - A round d i e  w i l l  have b e t t e r  h i g h  v o l t a g e  charac-  
t e r i s t i c s  t h a n  a d i e  t h a t  has  s q u a r e  c o r n e r s .  
c )  Die Scribing - Die  s c r i b i n g  w i t h  a  diamond w i l l  cause  more 
c r a c k s  t h a n  a  l a s e r ,  chemical  e t c h  o r  u l t r a s o n i c  t echn ique .  
d )  Depletion Region Thickness - A wider d e p l e t i o n  r e g i o n  w i l l  have 
lower v o l t a g e  g r a d i e n t s  ( v o l t s / m i l )  t h a n  a  narrow d e p l e t i o n  r e g i o n .  
b. Results of Survey - A t e l ephone  survey  of d i o d e  u s e r s  was con- 
duc ted  t o  de te rmine  what s p e c i a l  o r  unique c o n t r o l s  o r  t e s t s  were  
imposed and what they were in tended  t o  c o n t r o l  o r  d e t e c t .  The re -  
s u l t s  a r e  summarized i n  Tab le  7 .  
Seven u s e r s  were c o n t a c t e d .  Most u s e r s  were  performing s t a n d a r d  
Mil-S-19500 t y p e  t e s t i n g .  Three  were  performing t e s t s  t h a t  were  
n o t  s t a n d a r d  Mil-S-19500 t e s t s .  The s p e c i a l  t e s t s  were moni tored 
mechanical  shock, power c y c l i n g ,  parameter  s t a b i l i t y ,  bond p u l l  
a f t e r  mechanical  shock and v i b r a t i o n ,  monitored thermal  c y c l e ,  
s u r g e  c u r r e n t ,  and moni tored breakdown v o l t a g e .  
The monitored mechanical  shock i s  performed t o  d e t e c t  p a r t i c l e s  
t h a t  may cause  s h o r t i n g .  Another method, n o t  mentioned by t h e  
u s e r s  c o n t a c t e d  f o r  d e t e c t i o n  of p a r t i c l e s ,  i s  t h e  P a r t i c l e  Impact 
Noise D e t e c t i o n  (PIND) t e s t .  The PIND t e s t  i s  performed by v i -  
b r a t i n g  t h e  p a r t s  and l i s t e n i n g  f o r  n o i s e  caused by l o o s e  p a r t i -  
c l e s .  The PIND t e s t  could  be  used on ly  on m e t a l  c a n ,  c a v i t y  t y p e  
p a r t s .  
Power c y c l i n g  i s  performed a s  a  q u a l i f i c a t i o n  test t o  d e t e c t  poor 
i n t e r f a c e s  i n  l e a d  bonds and d i e  bonds. The c y c l i n g  i s  performed 
by f o r c i n g  c u r r e n t  through t h e  d iode  t o  c a u s e  t h e  j u n c t i o n  t o  h e a t  
up t o  i t s  r a t e d  v a l u e .  The c u r r e n t  i s  t h e n  tu rned  o f f  u n t i l  t h e  
j u n c t i o n  c o o l s  t o  abou t  + 2 5 O C .  Curren t  i s  r e a p p l i e d  and removed 
i n  t h e  same makner f o r  t h e  n e c e s s a r y  number of c y c l e s .  
Parameter  s t a b i l i t y  t e s t i n g  i s  performed on p a r t s  t h a t  a r e  sub- 
j e c t e d  t o  a  l i f e  t e s t .  Parameters  monitored o r  checked a r e  para- 
m e t e r s  t h a t  a r e  key paramete rs  f o r  t h e  p a r t ;  e . g . ,  r e v e r s e  recovery  
t ime  ( t r r ) ,  c a p a c i t a n c e ,  m i n o r i t y  c a r r i e r  l i f e t i m e ,  e t c .  The key 
paramete rs  a r e  n o t  t o  be  confused w i t h  t h e  s t a n d a r d  q u a l i t y  i n d i -  
c a t i n g  paramete rs ,  such  a s  l eakage  c u r r e n t  and forward v o l t a g e  
(ITF). t h a t  a r e  normal ly  measured b e f o r e  and a f t e r  l i f e  t e s t i n g .  
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Bond p u l l  r e s t  i s  performed as  a p a r t  of q u a l i f i c a t i o n  t e s t i n g  
a r t e r  tile p a r t s  have been s u b j e c t e d  t o  mechanical shock and v i b r a -  
t i o n .  The purpose  of t h e  t e s t  i s  t o  de te rmine  t h e  e f f e c t  of me-- 
c h a n i c a l  shock and v i b r a t i o n .  The purpose of t h e  t e s t  i s  t o  de- 
t e rmine  t h e  e f f e c t  of mechanical  shock and v i b r a t i o n  on l e a d s  and 
l e a d  bonds. 
The moni tored thermal  c y c l e  is  performed t o  d e t e c t  weak l e a d  bonds 
and d i e  i n t e r f a c e  bonds. The e l e c t r i c a l  t e s t s  performed b e f o r e  
and a f t e r  the rmal  c y c l i n g  may i n d i c a t e  t h a t  t h e  p a r t  i s  a c c e p t a b l e .  
However, a n  i n t e r m i t t e n t  could  occur  d u r i n g  t h e  t empera tu re  excur- 
s i o n  t h a t  cou ld  r e s u l t  i n  e r roneous  system o p e r a t i o n .  The moni- 
t o r e d  the rmal  c y c l e  t e s t  would d e t e c t  any i n t e r m i t t e n t ,  o r  open,  
c o n d i t  Lon. 
The s u r g e  c u r r e n t  t e s t  i s  performed t o  d e t e c t  poor l e a d  bond o r  
d i e  bond i n t e r f a c e s .  When used t o  d e t e c t  poor l e a d  bonds,  t h e  
ampl i tude  shou ld  be smal l ,  abou t  50 o r  100 ma, s o  t h a t  a  welding 
o p e r a t i o n  i s  n o t  performed t h a t  w i l l  tend t o  c u r e  t h e  weak bond 
i n t e r f a c e .  When t h e  s u r g e  i s  used t o  d e t e c t  poor d i e  bond i n t e r -  
f a c e s ,  t h e  ampl i tude  should be  l a r g e  enough, c l o s e  t o  t h e  p a r t  
r a t i n g ,  t o  c a u s e  h e a t i n g  due t o  t h e  high r e s i s t a n c e  of t h e  poor 
c o n t a c t .  The,V is checked p r i o r  t o  t h e  s u r g e s  and a f t e r  t h e  F 
s u r g e s  t o  d e t e r m i n e  t h e  t r a n s i e n t  thermal  impedance. The t e s t  
l i m i t s  f o r  t h e  t r a n s i e n t  thermal  impedance a r e  determined from a  
g a u s s i a n  d i s t r i b u t i o n .  The h i g h  c o n t a c t  r e s i s t a n c e  p a r t s  f a l l  out-  
s i d e  of t h e  d i s t r i b u t i o n .  A  p a r t  manufacturer  i s  p r e s e n t l y  per-  
forming a  t r a n s i e n t  the rmal  impedance t e s t .  The t o t a l  test t ime 
p e r  p a r t  i s  about  60 m i l l i s e c o n d s .  
The moni tored breakdown v o l t a g e  t e s t  i s  performed t o  d e t e c t  in-  
s t a b i l i t i e s  i n  t h e  j u n c t i o n .  P a r t s  t h a t  e x h i b i t  d i s c o n t i n u i t i e s  
o r  dynamic i n s t a b i l i t i e s  a r e  removed from t h e  l o t .  An o s c i l l o s c o p e  
is used t o  moni to r  t h e  breakdown. I n s t a b i l i t i e s  i n  t h e  t r a c e  a r e  
i n d i c a t i v e  of j u n c t i o n  i m p u r i t i e s  and d e f e c t s .  
c.  Alternate Approaches - A l t e r n a t e  approaches p o s s i b l e  a r e  t h e  
u s e  of o t h e r  p a r t  t y p e s  o r  development of new p r o c e s s e s  o r  t e s t s .  
The u s e  of o t h e r  p a r t  types  i s  a  p o s s i b i l i t y  f o r  some a p p l i c a t i o n s .  
I n t e g r a t e d  c i r c u i t s  could  be  used f o r  low power a p p l i c a t i o n s .  The 
advantages  would be  fewer i n t e r c o n n e c t s ,  h i g h e r  r e l i a b i l i t y  and 
g r e a t e r  component d e n s i t y .  The d i sadvan tages  would be  a  g r e a t e r  
degree  of d i f f i c u l t y  i n  f a i l u r e  a n a l y s i s  and l i m i t e d  usage because  
of power l i m i t a t i o n s .  
Another approach would be  t o  u s e  hybr id  c i r c u i t s  w i t h  beam l e a d  
d i o d e s .  Hybrid c i r c u i t s  o f f e r  a  h i g h e r  power d i s s i p a t i o n  c a p a b i l -  
i t y .  The use  of beam l e a d  p a r t s  would e l i m i n a t e  t h e  problems of 
d i e  bonding,  and i n t e r c o n n e c t  w i r e  bonding.  Beam l e a d  p a r t s  have 
poore r  t r a n s f e r  c h a r a c t e r i s t i c s  because  of lower h e a t  conduc t ion  
of t h e  beam l e a d s .  
Disadvantages  w i t h  h y b r i d  c i r c u i t s  a r e  l i m i t e d  manufac tu re r s  and 
more p rocess  c o n t r o l s .  These a r e  n o t  cons idered  t o  b e  major d i s -  
advan tages ,  b u t  t h e y  shou ld  b e  a p a r t  of t h e  d e c i s i o n  t o  u s e ,  o r  
n o t  t o  use ,  hybr id  c i r c u i t s .  
I t  is  recommended t h a t  f u r t h e r  s t u d y  be  conducted t o  d e t e r m i n e  i f  
t h e  " I d e a l  Diode" approach i s  an  e f f e c t i v e  and p r a c t i c a l  means of 
s e l e c t i n g  long  l i f e  d i o d e s .  (Ref 5). 
d. Harddare Life - The m a j o r i t y  of d i o d e  f a i l u r e s  occur  a s  a  re- 
s u l t  of d e f e c t s  d u r i n g  manufactur ing and improper h a n d l i n g  and 
a p p l i c a t i o n .  A p r o p e r l y  assembled and a p p l i e d  d i o d e  w i l l  n o t  wear 
o u t .  
Two environments t h a t  have t h e  g r e a t e s t  impact on l i f e  a r e  h i g h  
t empera tu re  and t empera tu re  c y c l i n g .  It i s  e s t i m a t e d  t h a t  a  junc- 
t i o n  t empera tu re  of f150°C would i n c r e a s e  t h e  l i f e  by a n  o r d e r  of 
magnitude o v e r  a  j u n c t i o n  t empera tu re  of +200°C. The r e a l  e f f e c t s  
of t empera tu re  c y c l i n g  on l i f e  are unknown, b u t  e x p e r i e n c e  i n d i -  
c a t e s  t h a t  i t  is  an  e f f e c t i v e  t echn ique  t o  a c c e l e r a t e  d i e  and l e a d  
bond f a i l u r e s  
e .  AppZication GuideZines - Proper  a p p l i c a t i o n  of a  p a r t  i s  a s  im-  
p o r t a n t  a s  p roper  assembly and t e s t .  The purpose  of a l l  e f f o r t  
p r i o r  t o  a p p l i c a t i o n  i s  t o  o b t a i n  t h e  b e s t  p a r t  p o s s i b l e .  Misap- 
p l i c a t i o n  w i l l  t end  t o  n u l l i f y  t h a t  e f f o r t .  
For proper  a p p l i c a t i o n ,  c o n s i d e r a t i o n s  shou ld  be  g i v e n  t o  s t u d  
t o r q u e ,  mounting s u r f a c e  f l a t n e s s ,  v o l t a g e  and c u r r e n t  r a t i n g s ,  
j u n c t i o n  t empera tu re ,  d e r a t i n g  of pa ramete rs  t h a t  a r e  known t o  
d r i f t  w i t h  t ime o r  t empera tu re ,  s t r e s s  r e l i e f  i n  l e a d s  o r  i n t e r -  
connect ing w i r e s ,  and mechanical  s t r e s s e s  such a s  shock and v i -  
b r a t i o n .  
I )  S tud  Torque - Assure  t h a t  t h e  s t u d  t o r q u e  i n  t h e  a p p l i c a t i o n  
does  n o t  exceed t h e  r a t e d  v a l u e .  I t  i s  a d v i s a b l e  t o  keep i t  a t  a 
v a l u e  below t h e  r a t e d  v a l u e  s i n c e  t h e  r a t i n g  i s  based on what t h e  
t h r e a d s  w i l l  w i t h s t a n d .  To e x a g g e r a t e  a p o i n t ,  any amount of t o r -  
que w i l l  t end  t o  cause  s t r e s s e s  i n  t h e  header  m a t e r i a l .  These 
s t r e s s e s  w i l l  be  passed on t o  t h e  semiconductor  d i e  where h e a t i n g  
and c o o l i n g  w i l l  ampl i fy  them. The d i f f e r e n c e  i n  t e n s i l e  stress 
on a  1/4-20 s t u d  torqued t o  1 5  i n c h  pounds and one to rqued  t o  12 
i n c h  pounds i s  approximately  2000 pounds p e r  s q u a r e  i n c h .  T h i s  
a d d i t i o n a l  s t r e s s  could  c o n t r i b u t e  t o  a s h o r t e n e d  l i f e  f o r  t h e  
p a r t .  
2) Mounting Surface Flatness - For good h e a t  t r a n s f e r  t o  a  h e a t  
sink.,. t h e  f l a t n e s s  of t h e  mounting s u r f a c e  should be  e q u a l  t o  o r  
b e t t e r  t h a n  t h a t  of t h e  s e a t i n g  p l a n e  of t h e  p a r t .  Uncont ro l l ed  
mounting s u r f a c e s  may a l s o  c a u s e  a d d i t i o n a l  s t r e s s e s  t o  b e  t r a n s -  
m i t t e d  t o  t h e  semiconductor d i e .  
Stud t o r q u e  and mounting s u r f a c e  f l a t n e s s  a r e  c l o s e l y  r e l a t e d  fac -  
t o r s .  A f l a t t e r  s u r f a c e  w i l l  have a  lower the rmal  impedance f o r  
a  g iven  t o r q u e  v a l u e .  Conversely ,  a  f l a t t e r  s u r f a c e  w i l l  have t h e  
same the rmal  impedance f o r  a  lower t o r q u e  v a l u e .  
3 )  Voltage Ratings - The u s e r  must unders tand  t h e  v o l t a g e  r a t i n g s  
and a p p l y  t h e  p a r t  such  t h a t  t h e  v o l t a g e s  i n  t h e  a p p l i c a t i o n  do 
n o t  exceed 50% of t h e  Peak I n v e r s e  Vol tage  (PIV) r a t i n g  of t h e  
p a r t .  PIV i s  t h e  maximum a l l o w a b l e  v o l t a g e ,  t r a n s i e n t s  and a l l ,  
t h a t  t h e  p a r t  should  be exposed t o .  
4) Current Ratings - Curren t  r a t i n g s  on m a n u f a c t u r e r ' s  d a t a  s h e e t s  
a r e  sometimes vague. There  i s  no s t a n d a r d  f o r  s p e c i f y i n g  c u r r e n t  
r a t i n g s .  Some r a t i n g s  a r e  based on a  h e a t  s i n k  mounting.  O t h e r s  
s p e c i f y  a  c u r r e n t  v a l u e ,  g i v e  a  d e r a t i n g  based on power and do n o t  
g i v e  forward v o l t a g e  v e r s u s  forward c u r r e n t  d a t a  t h a t  i s  s u f f i c i e n t  
t o  app ly  p roper  d e r a t i n g .  Cur ren t  d e r a t i n g  would seem t o  be t h e  
p r e f e r r e d  method a s  t h e  c u r r e n t  i s  something t h e  d e s i g n e r  can 
r e a l i z e .  
The r m s  c u r r e n t  r a t i n g  de te rmines  power d i s s i p a t i o n  and is  indepen- 
d e n t  of t empera tu re .  I n  o t h e r  words,  r e g a r d l e s s  of c a s e  temper- 
a t u r e ,  t h e  r m s  c u r r e n t  r a t i n g  must n o t  be exceeded. The r m s  c u r r e n t  
i s  n o t  normal ly  s p e c i f i e d  on m a n u f a c t u r e r ' s  d a t a  s h e e t s .  C u r r e n t s  
u s l ~ a l l y  s p e c i f i e d  a r e  average  r e c t i f i e d  c u r r e n t  I based on 60 ( 0) 
H e r t z ,  s i n e  wave, o p e r a t i o n  , DC forward c u r r e n t  (IF) , and s u r g e  
\ ,  
c u r r e n t .  Surge c u r r e n t  r a t i n g s  a r e  u s u a l l y  g iven  f o r  b o t h  repe-  
t i t i v e  and n o n - r e p e t i t i v e  c o n d i t i o n s .  
Maximum c u r r e n t  through t h e  d i o d e  shou ld  n o t  exceed 50% of t h e  
r a t e d  v a l u e  being cons idered .  The d e r a t e d  v a l u e  w i l l  r e d u c e  junc- 
t i o n  t empera tu res  f o r  t h e  same ambient t empera tu res  and w i l l  a l l o w  
f o r  unforeseen  s u r g e  c u r r e n t s .  
5) Junction Temperature - J u n c t i o n  t empera tu re  i s  normal ly  t h e  
l i m i t i n g  f a c t o r  on how much c u r r e n t  a  d i o d e  can  conduct .  The l i f e  
of a d i o d e  i s  r e l a t e d  d i r e c t l y  t o  t h e  j u n c t i o n  t empera tu re .  Herr 
and Fox (Ref 3)  showed a r e l i a b i l i t y  improvement of abou t  1 6  t o  1 
f o r  j u n c t i o n  t empera tu res  of +lOO°C as compared t o  t empera tu res  of 
+200°C. It i s  a d v i s a b l e  t o  keep t h e  j u n c t i o n  t empera tu re  below 
110°C f o r  s i l i c o n .  
I n  o r d e r  t o  a c h i e v e  t h e  lower j u n c t i o n  t empera tu re  T, t h e  de- J 
r a t i n g  c u r v e  must be  a d j u s t e d  t o  t h e  d e s i r e d  T  l i m i t .  The s l o p e  j 
of t h e  c u r v e  is t h e  the rmal  impedance of t h e  p a r t  and is  f i x e d  by 
t h e  p a r t  d e s i g n .  T h e r e f o r e ,  t h e  s l o p e  of t h e  d e r a t e d  c u r v e  h a s  t o  
be  p a r a l l e l  t o  t h e  s l o p e  of t h e  m a n u f a c t u r e r ' s  d e r a t i n g  curve .  
O f t e n ,  t h e  s l o p e  of t h e  c u r v e  i s  changed t o  a c h i e v e  t h e  d e s i r e d  
d e r a t i n g .  When t h i s  i s  done,  any d e r a t i n g  t h a t  may occur  i s  l e s s  
t h a n  t h e  p e r c e n t a g e  d e s i r e d .  
6) Parameter Derating - D e r a t i n g  a p p l i e d  t o  e l e c t r i c a l  c h a r a c t e r i s -  
t i c s  i s  u s u a l l y  a r b i t r a r y  w i t h  r e s p e c t  t o  l i f e .  There  is  l i t t l e  
i n f o r m a t i o n  a v a i l a b l e  t o  show what d e g r a d a t i o n  o c c u r s  w i t h  l i f e .  
What i s  a v a i l a b l e  may n o t  b e  a p p l i c a b l e  t o  t h e  p a r t s  being consid-  
e r e d .  Q u a l i f i c a t i o n  d a t a  can  b e  used t o  a i d  i n  t h e  d e r a t i n g ,  bu t  
i t  is  u s u a l l y  l i m i t e d  t o  1000 hours .  
Leakage c u r r e n t s  w i l l  v a r y  w i t h  t empera tu re .  However, t h e y  do n o t  
always f o l l o w  t h e  t e x t  book r u l e  of doubl ing  every  1 0 ' ~ .  Evalua- 
t i o n  test r e s u l t s  should  be  used t o  e s t a b l i s h  l e a k a g e  c u r r e n t  v a r i -  
a t i o n  w i t h  t empera tu re  f o r  d e s i g n  use .  Leakage c u r r e n t  v a r i a t i o n  
w i t h  l i f e  can v a r y  from l o t  t o  l o t  i n  p roduc t ion .  P r a c t i c e  h a s  
been t o  double  t h e  s p e c i f i c a t i o n  l i m i t  f o r  a n  end of l i f e  d e s i g n  
l i m i t .  
Forward v o l t a g e  has  proven t o  be s t a b l e  w i t h  r e s p e c t  t o  l i f e .  
T h e r e f o r e ,  no d e r a t i n g  i s  recommended. 
There  have been d i s c u s s i o n s  abou t  a  d r i f t  o c c u r r i n g  i n  r e v e r s e  re-  
covery t ime  (err) . There  h a s  been no th ing  documented t o  substan-  
t i a t e  t h e  t s t a b i l i t y .  It i s  recommended t h a t  a  d r i f t  of t e n  t o  
r r 
20 p e r c e n t  be al lowed f o r  u n l e s s  t h e  s t a b i l i t y  can be  v e r i f i e d .  
7) Stress R e l i e f  - I t  i s  important  t o  aLlow f o r  s t r e s s  r e l i e f  i n  
l e a d s  o r  i n t e r c o n n e c t i n g  w i r e s  t o  account  f o r  v a r i a t i o n s  i n  l e a d  
l e n g t h  due  t o  t empera tu re  changes o r  f l e x i n g  of p r i n t e d  c i r c u i t  
boards .  S t r e s s e s  of t h i s  n a t u r e  w i l l  damage g lass - to -meta l  s e a l s  
o r  cause  f r a c t u r i n g  of g l a s s  c a s e s .  
S t r e s s  r e l i e f  i n  i n t e r c o n n e c t i n g  w i r i n g  i s  necessa ry  t o  p r e v e n t  
bending s t r e s s e s  on s t u d  r e c t i f i e r  t e r m i n a l s  which can r e s u l t  i n  
damage of g lass - to -meta l  s e a l s .  These t e r m i n a l s  should  n o t  b e  
used a s  t e r m i n a l  b l o c k s ,  a s  shock o r  v i b r a t i o n  coupled w i t h  t h e  
e x t r a  load ing  of m u l t i p l e  w i r e s  can r e s u l t  i n  damage of g l a s s  t o  
m e t a l  s e a l s .  The appearance of t h e  top  t e r m i n a l s  on s t u d  r e c t i -  
f i e r s  i s  d e c e i v i n g .  The t e r m i n a l  i s  hollow. Bending of t h i s  
k ind of t e r m i n a l  i s  more degrading t o  g l a s s  s e a l s  t h a n  i s  bending 
of s o l i d  t e r m i n a l s  of t h e  same s i z e .  It  is  a d v i s a b l e  t o  u t i l i z e  
a  t e r m i n a l  b lock  f o r  m u l t i p l e  w i r e  connec t ions  r a t h e r  t h a n  t h e  
t e r m i n a l  of a  d iode .  
8 )  Shock and Vibration - For most a p p l i c a t i o n s ,  t h e  p a r t s  can  
meet t h e  shock and v i b r a t i o n  l e v e l s .  However, t h e  l e v e l s  t o  b e  
encountered i n  t h e  a p p l i c a t i o n  a r e  no t  always known, and f o r  l a r g e  
power d i o d e s ,  t h e  r a t i n g  may be exceeded. Leve l s  may be such 
t h a t  f a i l u r e  does  n o t  occur  a t  t h e  t ime of exposure ,  bu t  t h e  p a r t  
i s  weakened enough t o  cause  a  shor tened  l i f e .  
D, TEST W-THODOLOGY AND REQUIREMENTS 
Q u a l i f i c a t i o n  T e s t i n g  
The purpose  o f  t h e  q u a l i f i c a t i o n  t e s t  i s  t o  de te rmine  i f  t h e  p a r t  
i s  c a p a b l e  o f  o p e r a t i n g  i n  t h e  environment t h a t  i t  i s  t o  be  ex- 
posed t o  i n  t h e  a p p l i c a t i o n .  
The t e s t s  shou ld  a l s o  be r e l e v a n t  t o  t h e  kind of c o n s t r u c t i o n  
be ing  t e s t e d ;  e .  g. , a c c e l e r a t i o n  t e s t i n g  of a  m o n o l i t h i c  double  
s l u g  d i o d e  i s  n o t  a  worthwhi le  t e s t .  A shock t e s t  would b e  more 
meaningful.  Fur thermore,  d a t a  showing t h a t  t h e  p a r t  i s  c a p a b l e  
of p a s s i n g  t h e  d e s i r e d  l e v e l s  shou ld  be  used.  I f  p r o c e s s  c o n t r o l  
i s  t h e  concern ,  i t  shou ld  b e  v e r i f i e d  by l o t  q u a l i f i c a t i o n .  
The test sequence i s  impor tan t  from t h e  s t a n d p o i n t  of d e t e c t i n g  
t h e  e f f e c t  o f  an environmental  exposure;  e . g . ,  he rmet ic  s e a l  
shou ld  b e  performed a f t e r  a  t empera tu re  c y c l i n g  exposure  r a t h e r  
t h a n  t h e  r e v e r s e  o r d e r  t o  de te rmine  t h e  e f f e c t s  of exposure  t o  
environments .  Convent ional  q u a l i f i c a t i o n  t e s t s  perform t e s t s  i n  
p a r a l l e l  and a s  such do n o t  de te rmine  t h e  d e l e t e r i o u s  e f f e c t  of 
one environment on t h e  p a r t ' s  c a p a b i l i t y  t o  w i t h s t a n d  a  d i f f e r e n t  
env i ronmenta l  exposure .  For  example, one group of p a r t s  i s  ex- 
posed t o  the rmal  shock w h i l e  a n o t h e r  group i s  exposed t o  mechanical  
shock. The p a r t ' s  a b i l i t y  t o  w i t h s t a n d  b o t h  has  n o t  been d e t e r -  
mined. It i s  q u i t e  p robab le  t h a t  t h e  p a r t  w i l l  be exposed t o  b o t h  
environments  i n  t h e  a p p l i c a t i o n .  A more e f f e c t i v e  sequence i s  
proposed i n  F igure  1. 
Some of t h e  t e s t s  shown i n  F i g u r e  1 may n o t  be  a p p l i c a b l e  t o  a l l  
p a r t s .  The procedure  shou ld  be  modif ied t o  exc lude  t h o s e  k i n d s  
of t e s t s .  
A p o s s i b l e  m o d i f i c a t i o n  cou ld  b e  made t o  t h e  conven t iona l  thermal  
c y c l i n g  t e s t .  Th i s  would b e  t o  p u t  t h e  p a r t s  i n  a  c o l d  chamber 
( - 6 5 O C )  and f o r c e  t h e  r a t e d  c u r r e n t  through t h e  j u n c t i o n ,  t o  cause  
h e a t i n g ,  u n t i l  t h e  p a r t  h a s  s t a b i l i z e d .  Then t u r n  t h e  c u r r e n t  
o f f  u n t i l  t h e  p a r t  s t a b i l i z e s  a t  t h e  ambient temperaeure ,  Repeat 
t h e  c y c l e  1000 o r  more t imes .  This  k ind  of t e s t  would be more 
r e a l i s t i c  of what t h e  p a r t  would exper ience  i n  t h e  a p p l i c a t i o n  w i t h  
r e s p e c t  t o  thermal  c y c l i n g .  A t e s t  of t h i s  t y p e  would a l s o  r e -  
q u i r e  l e s s  h a n d l i n g  because  t h e  p a r t s  would n o t  have t o  be  t r a n s -  
f e r r e d  between h o t  and c o l d  chambers. Other t empera tu re  o p t i o n s  
could be  used.  
t e s t s  w i t h  d r i f t  l i m i t s .  
Decap i n t e r n a l  v i s u a l  
and l e a d  bond p u l l  t e s t .  
a E l e c t r i c a l  Eest .  A l l  
The purpose of bypass ing  25% of t h e  q u a l i f i c a t i o n  sample around a  
p o r t i o n  of t h e  s c r e e n  t e s t s  i s  t o  v e r i f y  t h e  e f f e c t i v e n e s s  of t h e  
accep tance  t e s t s .  
The q u a l i f i c a t i o n  sample s i z e  is  c r i t i c a l  on ly  from t h e  s t a n d p o i n t  
of hav ing  enough p a r t s  t o  a s s u r e  a  meaningful  d i s t r i b u t i o n .  Gen- 
e r a l l y ,  any amount o v e r  100 through a  test o r  a  s e r i e s  of t e s t s  
would n o t  y i e l d  any more i n f o r m a t i o n  t h a n  t h e  f i r s t  100. I f  t h e  
p a r t  e v a l u a t i o n  h a s  r e v e a l e d  p o t e n t i a l  problem a r e a s ,  a  l a r g e r  
sample s i z e ,  l a r g e r  t h a n  1 0  o r  1 5 ,  cou ld  b e  s u b j e c t e d  t o  t h o s e  
t e s t s  t o  g i v e  a  h i g h e r  conf idence  t h a t  t h e  p roduc t ion  p a r t s  w i l l  
s u r v i v e .  
E l e c t r i c a l  t e s t i n g  of a l l  pa ramete rs  shou ld  b e  performed b e f o r e  
and a f t e r  q u a l i f i c a t i o n  t o  a s s u r e  s t a b i l i t y .  End p o i n t  t e s t s  of 
two o r  t h r e e  q u a l i t y  i n d i c a t i n g  paramete rs  i s  a c c e p t a b l e  f o r  i n  
l i n e  t e s t s .  The t e s t i n g  of a l l  pa ramete rs  b e f o r e  and a f t e r  i s  
adv ised .  
A c o n s t r u c t i o n  a n a l y s i s  shou ld  b e  performed t o  v e r i f y  t h a t  t h e  
q u a l i f i c a t i o n  p a r t s  a r e  s i m i l a r  t o  t h e  e v a l u a t i o n  p a r t s .  T h i s  
w i l l  a l s o  a i d  i n  f a i l u r e  a n a l y s i s  a c t i v i t i e s ,  
The m o i s t u r e  r e s i s t a n c e  o r  h e r m e t i c  s e a l  t e s t  w i l l  have t o  b e  
s e l e c t e d  f o r  optimum e f f e c t i v e n e s s  i n  d e t e c t i n g  non-hermet ical ly  
s e a l e d  p a r t s .  The m o n o l i t h i c  double  s l u g  p a r t s  have no c a v i t y  
i n t e r n a l l y ,  s o  t r y i n g  t o  f o r c e  a t r a c e r  gas  i n t o  t h e  p a r t  f o r  
l e a k  d e t e c t i o n  i s  n o t  an  e f f e c t i v e  t e s t .  A d e t e r g e n t  p r e s s u r e  
bomb t e s t  w i t h  an e l e c t r i c a l  d r i f t  test  a f t e r w a r d s  has  proven 
t o  be  an  e f f e c t i v e  t e s t .  The p r e s s u r e  bomb t e s t  may b e  e f f e c -  
t i v e  f o r  c a v i t y  t y p e  p a r t s  when t h e  c a v i t y  volume is  s m a l l .  
The s e r i a l  arrangement of t h e  the rmal  shock  and mechanical  shock 
is  t o  s t r e s s  bond i n t e r f a c e s  t h e r m a l l y ,  t h e n  t o  t e s t  t h e i r  i n -  
t e g r i t y  by a  mechanical  stress. The h e r m e t i c  s e a l  t e s t  a f t e r -  
ward v e r i f i e s  t h e  c a p a b i l i t y  of t h e  package t o  m a i n t a i n  a  
h e r m e t i c  s e a l .  
The t e r m i n a l  s t r e n g t h  t e s t  i s  more e f f e c t i v e  i f  V i s  monitored F 
d u r i n g  t h e  t e s t  when t e s t i n g  non-monolithic double  s l u g  d iodes .  
The e l e c t r i c a l  s t r e s s  is  normal ly  a c u r r e n t  s u r g e  exposure .  I t  
could  b e  a  s i n g l e  s u r g e  o r  a  combination o f  s u r g e s  b u t  shou ld  n o t  
exceed t h e  r a t i n g  of t h e  p a r t .  I f  the rmal  o r  mechanical  shock 
h a s  degraded d i e  o r  l e a d  bonds ,  t h e  s u r g e  c u r r e n t  can cause  h e a t -  
i n g  t h a t  can c r a c k  t h e  d i e  o r  cause  m e l t i n g  of c o n t a c t  m a t e r i a l s .  
High tempera tu re  l i f e  w i l l  r e v e a l  weaknesses i n  d i e  and l e a d  bonds.  
Contact  r e s i s t a n c e  a t  t h e  m e t a l  s i l i c o n  i n t e r f a c e  w i l l  i n c r e a s e  
i f  a  d e f e c t i v e  bond e x i s t s .  
Opera t ing  l i f e  a t  r a t e d  c u r r e n t  and v o l t a g e  w i l l  v e r i f y  p a r t  r a t i n g s .  
When performed i n  s e r i e s  w i t h  t h e r m a l ,  mechanical ,  and e l e c t r i c a l  
s t r e s s ,  i t  w i l l  v e r i f y  t h e  p a r t ' s  a b i l i t y  t o  pe r fo rm i ts  i n t e n d e d  
f u n c t i o n  i n  t h e  a p p l i c a t i o n .  Comparison o f  test r e s u l t s  from t h e  
s e r i e s  l i f e  t e s t  t o  t h e  p a r a l l e l  l i f e  t e s t  w i l l  a i d  i n  de te rmin ing  
t h e  e f f e c t s  of t h e  s t r e s s e s  on t h e  l i f e  of t h e  p a r t .  
Power c y c l i n g  i s  performed t o  de te rmine  t h e  a b i l i t y  of t h e  p a r t  t o  
o p e r a t e  i n  an  on-off mode. Th is  causes  h e a t i n g  and c o o l i n g  t h a t  
s t r e s s  t h e  d i e  and l e a d  bonds. The c y c l e  l e n g t h  can be  determined 
e m p i r i c a l l y  and i s  n o t  c r i t i c a l .  The prime concern i s  t o  have a s  
l a r g e  a  t e m p e r a t u r e  e x c u r s i o n  as p o s s i b l e  w h i l e  h e a t i n g  t h e  junc- 
t i o n  t o  i t s  r a t e d  t empera tu re .  The number of c y c l e s  shou ld  b e  
adequa te  t o  a l l o w  a  p r e d i c t i o n  a s  t o  t h e  t o t a l  c a p a b i l i t y .  P e r i -  
o d i c  t e s t i n g  o f  t h e  q u a l i t y  i n d i c a t o r  parameters  i s  r e q u i r e d  f o r  
a  meaningful  p r e d i c t i o n .  
The s t e p  s t r e s s  t e s t s  a r e  performed t o  de te rmine  t h e  margin between 
t h e  p a r t ' s  r a t i n g s  and i t s  c a p a b i l i t y .  T h i s  i s  impor tan t  when de- 
r a t i n g  f o r  d e s i g n .  
The Unique T e s t s  a r e  performed t o  d e t e c t  p o t e n t i a l  problem a r e a s  
t h a t  a r e  un ique  t o  a  t y p e  o f  c o n s t r u c t i o n .  For example, non- 
m o n o l i t h i c  double  s l u g  p a r t s  shou ld  be  s u b j e c t e d  t o  a  moni tored 
the rmal  shock  t e s t  t o  v e r i f y  t h a t  i n t e r m i t t e n t s  w i l l  n o t  occur  
d u r i n g  t e m p e r a t u r e  e x c u r s i o n s ,  and welded packages shou ld  b e  sub- 
j e c t e d  t o  p a r t i c l e  impact n o i s e  d e t e c t i o n  ( P I N D ) .  
a.  Accelerated Testing - A c c e l e r a t e d  t e s t i n g  is  b e n e f i c i a l  i n  
t h a t  i t  a l l o w s  t h e  t e s t e r  t o  o b t a i n  r e s u l t s  i n  a  s h o r t  p e r i o d  of 
t i m e .  Cau t ion  shou ld  b e  e x e r c i s e d  s o  a s  t o  n o t  i n d u c e  f a i l u r e s  
because  o f  t h e  t e s t  c o n d i t i o n s .  
2)  High Temperature Storage - This  method i s  used t o  check con- 
t a c t  and bond i n t e r f a c e  q u a l i t y .  Temperatures used shou ld  b e  
e s t a b l i s h e d  e m p i r i c a l l y  t o  v e r i f y  t h a t  f a i l u r e  modes due t o  t h e  
h igh  t empera tu re  a r e  known, c o n s i d e r e d ,  and a r e  n o t  a l lowed t o  
i n f l u e n c e  t h e  t e s t  r e s u l t s .  
2) High Temperature Bias - This  method i s  used  t o  check s u r f a c e  
problems such  as i n v e r s i o n  and accumulat ion.  B ias  l e v e l s  shou ld  
b e  80% f o r  v o l t a g e ,  100% f o r  c u r r e n t ,  and a t e m p e r a t u r e  o f  +150°C. 
3) Stress Testing - S t e p  s t r e s s  t e s t i n g  is  a  means t o  de te rmine  
p a r t  c a p a b i l i t y  and t o  a c c e l e r a t e  f a i l u r e  mechanisms. The capa- 
b i l i t y  must b e  determined f i r s t  o r  t h e  s t e p  stress cou ld  i n t r o -  
duce new f a i l u r e  mechanisms. The d e t e r m i n a t i o n  o f  c a p a b i l i t y  i s  
n e c e s s a r y  f o r  each  p a r t  and each manufac tu re r .  
S c r e e n  T e s t s  (100%) 
The purpose  o f  t h e  s c r e e n  tests i s  t o  remove p a r t s  t h a t  do n o t  
meet t h e  e l e c t r i c a l  and fundamental  mechanical  i n t e g r i t y  r e q u i r e -  
ments ,  and p a r t s  t h a t  have b u i l t - i n  d e f e c t s  and i n f a n t  f a i l u r e s .  
S c r e e n  t e s t s  are performed on a l l  p a r t s  and are u s u a l l y  a  p a r t  
of accep tance  t e s t i n g .  Screen  t e s t  a l l  p a r t s .  
S c r e e n  t e s t s  cou ld  c o n t r i b u t e  t o  t h e  e f f o r t  o f  o b t a i n i n g  p a r t s  
w i t h  l o n g - l i f e  by s c r e e n i n g  o u t  p a r t s  w i t h  a s h o r t  l i f e .  The 
t e s t s  have t o  be  des igned  w i t h  t h a t  i n  mind r a t h e r  t h a n  what 
method i s  most conven ien t  o r  economical .  Many tests are performed 
on automated t e s t  equipment u s i n g  pu l sed  f o r c i n g  c o n d i t i o n s  and 
y i e l d i n g  d i g i t a l  o u t p u t s .  T e s t  t echn iques  of t h i s  s o r t  w i l l  n o t  
show s o f t  o r  u n s t a b l e  breakdown c h a r a c t e r i s t i c s .  
Schenk (Refe rence  6) obse rved  a  phenomenon d e s c r i b e d  a s  walkout .  
T h i s  occur red  i n  some p a r t s  t h a t  had been exposed t o  a forward 
b i a s  s t r e s s .  B r i e f l y ,  i t  i s  g r a d u a l  s t a b i l i z a t i o n  i n  l eakage  
c u r r e n t  w i t h  a g r a d u a l  i n c r e a s e  i n  v o l t a g e .  The l e a k a g e  c u r r e n t  
w i l l  b e  low and s t a b l e  up t o  a v a l u e  of r e v e r s e  v o l t a g e .  In -  
c r e a s i n g  t h e  r e v e r s e  v o l t a g e  by a  v o l t  o r  two c a u s e s  a  temporary 
i n s t a b i l i t y  i n  l e a k a g e  c u r r e n t .  When t h e  c u r r e n t  s t a b i l i z e s  f o r  
a  g iven  v o l t a g e ,  i t  remains s t a b l e  f o r  v o l t a g e s  e q u a l  t o  o r  l e s s  
t h a n  t h a t  v o l t a g e .  Automated test equipment does n o t  d e t e c t  t h i s  
k i n d  of f a u l t .  It i s  d e t e c t a b l e  by viewing t h e  c h a r a c t e r i s t i c s  
on an o s c i l l o s c o p e .  
I t  is  p o s s i b l e  t h a t  t h e  breakdown v o l t a g e  m e e t s  t h e  s p e c i f i c a t i o n  
v a l u e ,  a s  shown by a u t o m a t i c  t e s t  equipment r e a d o u t ,  b u t  t h e  p a r t  
i s  u n s t a b l e .  I f  t h e  p a r t  i s  used i n  a  r e c t i f y i n g  a p p l i c a t i o n ,  
i t  may never  f a i l  because  it  becomes u n s t a b l e  on ly  a f t e r  a con- 
t i n u o u s  v o l t a g e  b i a s .  The a p p l i e d  v o l t a g e  on  t h e  r e c t i f i e r  i s  
such t h a t  i t  w i l l  keep t h e  f a u l t  from d e v e l o p i n g  t o  t h e  f a i l u r e  
s t a g e ,  
Walsh (Reference 5) suggests an "ideal P a r t "  approach t o  s c r e e n -  
i n g .  Fundamental ly ,  i t  i n v o l v e s  e s t a b l i s h m e n t  of i d e a l  charac -  
t e r i s t i c s  from t h e o r e t i c a l  and e m p i r i c a l  d a t a ,  s e l e c t i n g  l e v e l s  
of v o l t a g e ,  t e m p e r a t u r e ,  and c u r r e n t  t h a t  a r e  most l i k e l y  t o  
i n d i c a t e  t h e  p resence  of ex t raneous  s e r i e s ,  p a r a l l e l  o r  changing 
charge  conduc t ion  mechanisms, performing e v a l u a t i o n  t e s t s  t o  
de te rmine  t h e  l e v e l  and r a t e s  of change o f  t h e  c o n d u c t i v i t y  con- 
s t a n t s  of t h e  v a r i o u s  charge  g e n e r a t i o n  and t r a n s p o r t  mechanisms, 
and comparing p a r t s  t o  t h e s e  v a l u e s .  P a r t s  t h a t  compare t o  t h e  
i d e a l  curve  have proven t o  remain s t a b l e  f o r  2500 hours .  P a r t s  
t h a t  do n o t  conform t o  t h e  i d e a l  curve  show d e g r a d a t i o n  and f a i l -  
u r e  d u r i n g  t h e  2500 hour l i f e  t e s t .  The t e s t  r e s u l t s  show enough 
c o n s i s t e n c y  t o  w a r r a n t  f u r t h e r  s t u d y .  
A sugges ted  s c r e e n  t e s t  sequence i s  shown i n  F i g u r e  2. Test de- 
t a i l s  shou ld  be  modi f i ed  t o  t h e  p a r t  b e i n g  s c r e e n e d .  For example, 
no a c c e l e r a t i o n  on double  s l u g  d i o d e s ,  h i g h  t empera tu re  b i a s  f o r  
s i l i c o n  c o n t r o l l e d  r e c t i f i e r s  may be  dropped,  and t h e  burn- in  
modif ied t o  be  an  AC b l o c k i n g  v o l t a g e  exposure .  A d i s c u s s i o n  of 
each s c r e e n  t e s t  fo l lows .  
a.  Internal Visual Inspection - The purpose  of t h i s  t e s t  i s  t o  
d e t e c t  c a n t a m i n a t i o n ,  misplaced bonds o r  w h i s k e r s ,  s c r a t c h e s  i n  
m e t a l l i z a t i o n ,  sagg ing  o r  miss ing  i n t e r n a l  l e a d s ,  cracked d i e ,  
e t c .  Th i s  i n s p e c t i o n  may be  performed b e f o r e  o r  a f t e r  t h e  pack- 
age  s e a l i n g  o p e r a t i o n  depending on t h e  package c o n s t r u c t i o n .  A 
wafer  o r  d i e  i n s p e c t i o n  p r i o r  t o  assembly would e l i m i n a t e  some 
of t h e  d e f e c t s  found a t  t h e  assembly l e v e l .  
I n t e r n a l  v i s u a l  i n s p e c t i o n  of some m o n o l i t h i c  double  s l u g  p a r t s  
i s  i m p o s s i b l e  i n  t h a t  t h e  package i s  opaque. Defec t s  t h a t  t h e  
i n t e r n a l  v i s u a l  i n s p e c t i o n  were meant t o  d e t e c t  a r e  e l i m i n a t e d  
by t h i s  method of c o n s t r u c t i o n .  
b.  S tab i l i za t i on  Bake - This  s t e p  i s  i n s e r t e d  t o  do what t h e  
name i m p l i e s ,  s t a b i l i z e  t h e  p a r t ,  p r i m a r i l y  t h e  j u n c t i o n .  The 
s h o r t n e s s  of t h e  exposure  does n o t  a l low much e l s e  t o  happen. 
It  i s  p o s s i b l e  t h a t  i t  may tend  t o  a c c e l e r a t e  d e f e c t s  i n  t h e  
d i e  and l e a d  bonds* 
Stabi l izat ion Bake 
Measurements 
Elec t r ica l  End Point 
Tests with Dr i f t  Limits 
Figure 2 Screen Test  Sequence 
6. Thermal Shock - M i l i t a r y  s p e c i f i c a t i o n s ;  e , g .  MIL-STD-750, 
a t t a c h  t h e  t e r m  "Thermal Shoc-k" t o  two t e s t s .  One i s  a h o t  
l i q u i d / c o l d  l i q u i d  exposure .  The o t h e r  i s  a  c o l d  chamberlhot 
chamber w i t h  a  gas  ambient ( u s u a l l y  a i r )  exposure .  
The l i q u i d  t e s t  i s  cons idered  t o  be  more s e v e r e  because  of t h e  
r a p i d  change i n  t empera tu re  t h a t  causes  l a r g e r  t empera tu re  d i f -  
f e r e n t i a l s ,  and i s  t h e  recommended t e s t  f o r  d e t e c t i n g  mechanical  
d e f e c t s .  The l i q u i d  used i s  normal ly  w a t e r ,  which t e n d s  t o  l i m i t  
t h e  t e m p e r a t u r e  e x c u r s i o n  t o  100°C compared t o  about  250°C f o r  
a i r .  
Some p a r t s  a r e  c a p a b l e  of exposure  t o  l i q u i d  n i t r o g e n  (-195OC) 
w i t h  immediate t r a n s f e r  t o  b o i l i n g  w a t e r  (C1OO°C) and back t o  
t h e  l i q u i d  n i t r o g e n  wi thou t  damage. T h i s  exposure  i s  s e v e r e  be- 
cause  of t h e  t empera tu re  d i f f e r e n t i a l s  encountered.  
The purpose  o f  t h e  t h e r m a l  shock i s  t o  d e t e c t  poor g lass - to -meta l  
s e a l s ,  poor  d i e  bonds,  o r  c racked  d i c e .  
d.  Constant AcceZeration - The purpose  of t h i s  t e s t  i s  t o  d e t e c t  
weak c o n t a c t s  o r  bonds. I t  is  e f f e c t i v e  f o r  whisker  t y p e  p a r t s  
only .  A c c e l e r a t i o n  t e s t i n g  of double  s l u g  p a r t s ,  m o n o l i t h i c  o r  
o t h e r w i s e ,  cannot  b e  c o n s i d e r e d  a was ted  e f f o r t ,  b u t  t h e r e  a r e  
b e t t e r  tests t o  perform f o r  t h e  money and t i m e .  
e .  Hermetic Sea2 - This  test shou ld  b e  performed a f t e r  the rmal  
shock s o  a s  t o  d e t e c t  d e f e c t i v e  s e a l s  caused by t h e  the rmal  shock.  
The a c t u a l  t e c h n i q u e  of d e t e c t i n g  t h e  d e f e c t s  is  dependent on t h e  
package c o n s t r u c t i o n .  T r a c e r  gas  is  e f f e c t i v e  f o r  c a v i t y  t y p e  
p a r t s .  A  d e t e r g e n t  bomb t e s t  i s  p r e f e r r e d  f o r  non-cavi ty  o r  s m a l l  
c a v i t y  p a r t s .  (A DO-35 package i s  cons idered  a  s m a l l  c a v i t y . )  
f. High Temperature Bias - The purpose  o f  t h i s  t e s t  i s  t o  d e t e c t  
s u r f a c e  con tamina t ion  d e f e c t s .  On p l a n a r  c o n s t r u c t i o n ,  a  r e v e r s e  
b i a s  can cause  an i n v e r s i o n  and a forward b i a s  can cause  an ac- 
cumulat ion (Reference 3 ) .  Both o f  t h e  phenomena a r e  d e t e c t e d  
by s o f t  breakdown and an i n c r e a s e  i n  l eakage  c u r r e n t .  An o s c i l l o -  
scope d i s p l a y  would be  an  e f f e c t i v e  way of d e t e c t i n g  p a r t s  t h a t  
have i n v e r s i o n  o r  accumulat ion d e f e c t s .  The d i s p l a y  would r e v e a l  
t h e  s o f t  breakdown and i n s t a b i l i t y  i n  t h e  breakdown r e g i o n .  In-  
s t a b i l i t y  of t h e  breakdown v o l t a g e  o r  i n c r e a s e s  i n  l e a k a g e  c u r r e n t  
would be  i n d i c a t i v e  of p o t e n t i a l  problems t h a t  cou ld  cause  a 
s h o r t e n e d  l i f e .  
The h i g h  t empera tu re  bias tes t  i s  most e f f e c t i v e  on t h e  p l a n a r  
c o n s t r u c t i o n ,  Its worth  on t h e  mesa t y p e  c o n s t r u c t i o n  h a s  been 
q u e s t i o n e d .  The d a t a  on p r e v i o u s  l o t s  t h a t  have been s u b j e c t e d  
t o  t h e  b i a s  shou ld  b e  reviewed t o  de te rmine  t h e  e f f e c t i v e n e s s  of 
t h e  t e s t .  I f  i t  d e t e c t s  d e f e c t i v e  p a r t s ,  i t  shou ld  b e  r e t a i n e d .  
The burn- in  may have d e t e c t e d  t h e  same d e f e c t i v e  p a r t s .  I f  s o ,  a 
redundant  t e s t  i s  be ing  performed. 
Manufacturers  of s i l i c o n  c o n t r o l l e d  r e c t i f i e r s  a r e  o f  d i f f e r i n g  
o p i n i o n s  on t h e  e f f e c t i v e n e s s  of t h e  h i g h  t empera tu re  b i a s .  Some 
u s e  i t ,  o t h e r s  c la im t h a t  a n  a c  b lock ing  v o l t a g e  exposure  i s  more 
e f f e c t i v e .  It would seem t h a t  f u r t h e r  s t u d y  i n  t h i s  a r e a  is  needed. 
g. Bum-In - The purpose  of t h e  burn- in  i s  t o  s i m u l a t e  a c t u a l  
o p e r a t i o n  c o n d i t i o n s  t o  e l i m i n a t e  i n f a n t  f a i l u r e s .  There  a r e  
arguments f o r  a c  burn- in  and t h e r e  a r e  arguments f o r  dc  burn-in.  
I f  t h e  a p p l i c a t i o n  i s  known, t h e  burn- in  shou ld  b e  s t r u c t u r e d  
toward s i m u l a t i o n .  Otherwise ,  r e c t i f i e r s  shou ld  have an  a c  burn- 
i n  and p a r t s  used a s  d i o d e s  (dc o r  b lock ing  a p p l i c a t i o n s )  shou ld  
have a d c  burn-in.  I f  t h e  a p p l i c a t i o n  i s  n o t  known, i t  i s  recom- 
mended t h a t  a d c  burn- in  b e  perf0rmed.A 100% burn- in  i s  recommended 
Whichever t e c h n i q u e  i s  u s e d ,  t h e  j u n c t i o n  t empera tu re  shou ld  b e  
c l o s e  t o  t h e  r a t e d  v a l u e .  Th is  could be  achieved by a  h igh  ambi- 
e n t  t empera tu re  and a  low c u r r e n t  o r  a  low ambient t empera tu re  and 
a  h i g h  c u r r e n t .  The h i g h  c u r r e n t  i s  t h e  p r e f e r r e d  approach because  
i t  w i l l  b e  more l i k e l y  t o  d e t e c t  weaknesses i n  t h e  j u n c t i o n ,  l e a d  
bonds,  o r  d i e  bonds t h a n  a  low c u r r e n t .  
h. Radiographic Inspection - This  i n s p e c t i o n  w i l l  supplement t h e  
i n t e r n a l  v i s u a l  i n s p e c t i o n  o r ,  i f  an  i n t e r n a l  v i s u a l  i n s p e c t i o n  
could  n o t  b e  performed,  i t  w i l l  t a k e  t h e  p l a c e  of i t .  
D e f e c t s  t h a t  i t  can d e t e c t  a r e  weld s p l a t t e r ,  ex t raneous  l e a d  m a t -  
e r i a l ,  v o i d s  under t h e  d i e ,  whisker  o r  l e a d  deformat ion ,  misa l ign-  
ment of h e a t  s i n k s ,  and whiskers .  
X-ray i n s p e c t i o n  on some p a r t s  may be  i n e f f e c t i v e  because  of t h e  
c a s e  m a t e r i a l .  Some g l a s s  c a s e  p a r t s  u s e  g l a s s  t h a t  c o n t a i n s  l e a d .  
X-rays on t h e s e  p a r t s  y i e l d  on ly  a  good s i l h o u e t t e ,  X-ray of s t u d  
r e c t i f i e r s  a r e  more e f f e c t i v e  i f  they a r e  t a k e n  on a n  a n g l e  t o  t h e  
s t u d  . 
i, ExteunaZ I/isziaZ inspection - This i n s p e c t i o n  w i l l  remove p a r t s  
that have de fec t ive  Leads (e.g,, cor roded ,  b e n t  o r  s c r a t c h e d ) ,  de- 
f o r m e d  c a s e s ,  and poor  markings ,  
3. Parameter  DslLt: Detec t ion  
--------- --- ---*---- 
Parameter  d r i f t  d e t e c t i o n  i s  accomplished by app ly ing  a d r i f t  
l i m i t  t o  a  c r i t i c a l  parameher, measuring t h a t  pa ramete r ,  exposing 
t h e  p a r t  t o  a  p a r t i e u l d r  environment ( e . g . ,  b u r n - i n ) ,  remeasur ing 
t h e  p a r a m e t e r ,  and comparing t h e  two v a l u e s .  Any d i f f e r e n c e  be- 
tween t h e  t w o  v a l u e s  w i l l  i n d i c a t e  t h a t  a  change h a s  o c c u r r e d ,  b u t  
i t  does n o t  i n d i c a t e  when t h e  change took p l a c e ,  I t  i s  p o s s i b l e  
t h a t  a  pa ramete r  may d r i f t  a t  a  p o i n t  i n  t ime  e a r l y  d u r i n g  t h e  ex- 
posure  and then remain s t a b l e  dur ing  t h e  remainder  of t h e  exposure  
time. The d r i f t  may have exceeded t h e  allowed l i m i t  and as such  
i s  r e j e c t e d  a s  an  u n s t a b l e  p a r t .  
Z i e r d t  (Reference 7 )  d i s c u s s e s  a  p o s s i b l e  f a u l t  w i t h  d r i f t  l imits.  
The argument i s  t h a t  t h e  p a r t s  may have an  i n h e r e n t  o f f s e t  tendency 
i n  t h e  measured c h a r a c t e r i s t i c s .  The e f f e c t  i t s e l f  may b e  l a r g e r  
than a  c h a r a c t e r i s t i c  d r i f t .  I f  t h e  o f f s e t  magnitude i s  n o t  con- 
s i d e r e d  i n  e s t a b l i s h i n g  t h e  d r i f t  l i m i t s ,  good p a r t s  may b e  r e j e c t e d .  
It i s  a l s o  no ted  t h a t  p a r t s  may d r i f t  i n i t i a l l y  and t h e n  s t a b i l i z e ,  
Unless i n t e r m e d i a t e  measurements a r e  made, t h e  s t a b i l i z a t i o n  w i l l  
go u n d e t e c t e d ,  t h e  d r i f t  w i l l  b e  n o t i c e d  and t h e  p a r t  r e j e c t e d ,  
Care shou ld  b e  t a k e n  t o  make c e r t a i n  t h a t  a n  a t t e m p t  i s  made t o  
v e r i f y  p a r t  s t a b i l i t y .  
The d r i f t  l i m i t  may b e  e s t a b l i s h e d  by t h e  m i s s i o n  and p a r t  r e q u i r e -  
ments. Miss ions  t h a t  are long-term shou ld  u s e  p a r t s  t h a t  e x h i b i t  
t h e  most s t a b i l i t y .  The l i m i t  shou ld  b e  based on l i f e  test r e s u l t s .  
There must be  a  c o r r e l a t i o n  between d r i f t  l i m i t s  and s t a b i l i t y  dur-  
i n g  l i f e  tests ,  
The q u a l i t y  i n d i c a t o r  pa ramete rs  used depend on t h e  k ind  of p a r t .  
Diodes and r e c t i f i e r s  t r a d i t i o n a l l y  u s e  r e v e r s e  c u r r e n t  and forward 
v o l t a g e  drop.  Zeners  u s e  r e v e r s e  c u r r e n t  and breakdown v o l t a g e ,  
Reverse c u r r e n t  i s  cons idered  t o  b e  t h e  b e s t  q u a l i t y  i n d i c a t o r  
parameter ,  
Some manufac tu re r s  u s e  a  scope  d i s p l a y  of t h e  breakdown v o l t a g e  t o  
determine s t a b i l i t y .  The scope  d i s p l a y  i s  a t ime consuming t e s t  
t h a t  has  t o  b e  performed manually,  A s  such ,  i t  i s  n o t  performed 
by many mapufac tu re r s ,  b u t  i s  a  good t e s t  t o  s e l e c t  s t a b l e  p a r t s ,  
I t  i s  recommended t h a t  a d d i t i o n a l  s t u d i e s  be  performed t o  de te rmine  
i f  the " I d e a l  .Diodet' s c r e e n i n g  t echn ique  could be  developed and used 
t o  s e l e c t  l o n g - l i f e  p a r t s .  The r e s n l - t s  of the  s t u d y  by Walsh (Ref- 
e r e n c e  5) i n d i c a t e  that  h i s  approach i s  sound. 
4.  F a i l u r e  Mode D e t e c t i o n  
I n t e r n a l  v i s u a l  i n s p e c t i o n  w i l l  a i d  i n  d e t e c t i o n  of some of t h e  
mechanisms shown i n  Tab le  1. However, some d i o d e s  do n o t  l end  
themselves  t o  a n  i n t e r n a l  v i s u a l  i n s p e c t i o n .  Of t h e s e ,  some may 
b e  i n s p e c t e d  f o r  c e r t a i n  mechanisms d u r i n g  t h e  m a n u f a c t u r e r ' s  fab-  
r i c a t i o n  p r o c e s s e s .  
O t h e r s ,  such as some m o n o l i t h i c  double  s l u g  t y p e s ,  do n o t  l e n d  
themselves  t o  a n  i n t e r n a l  v i s u a l  i n s p e c t i o n .  These p a r t s  were 
des igned  t o  e l i m i n a t e  t h e  k i n d s  of problems t h a t  a n  i n t e r n a l  v i s -  
u a l  i n s p e c t i o n  d e t e c t e d .  E l e c t r i c a l  t e s t  and x-ray a r e  tests 
t h a t  w i l l  d e t e c t  remaining f a i l u r e  mechanisms. 
I n t e r n a l  v i s u a l  i n s p e c t i o n  may o r  may n o t  b e  a n  e f f e c t i v e  f a i l u r e  
mechanism d e t e c t o r .  The u s e r  of t h e  p a r t  must make t h a t  judgment 
and a c t  a c c o r d i n g l y .  
E. PROCESS CONTROL REQUIREMENTS 
Plost defects caused by lack of control will be detected during 
normal screening procedures. The defects that are not detected 
will be those that are time dependent such as corrosion due to 
chemicals that have not been cleaned off the die, lead bonds that 
are good enough to endure screen testing, but weak enough to cause 
early life failure, and cracks in the die that propagate due to 
temperature cycling caused by on and off operation. Because these 
defects cannot be detected during testing and can affect the part 
life, they are considered to be the critical processes, 
Scanning Oscillator Techniques (SOT) should be used as a means of 
in-line process control for detecting dislocations in the silicon 
(Ref 2). 
This SOT is based on diagnostic X-ray charts. These charts are 
obtained through correlation of SOT topograph and final device 
yield maps. The topographs are recorded through the use of the 
scanning oscillator technique of x-ray diffraction microscopy. 
The technique is nondestructive. Use of the SOT as an in-line 
control will also help to determine where, in the process flow, 
problems are occurring. 
It is recommended that the use of the SOT as a means of rejecting 
dice be investigated. Dice with dislocation defects could be re- 
moved at the time the wafer is broken up into dice. 
A review of the manufacturer's records and data should be per- 
formed to determine if he has process control. The data could be 
that compiled at in-line check points. If the data shows increas- 
ing or stable yields, the processes in question are being con- 
trolled effectively. 
Lot to lot test data for parts is another means of detecting pro- 
cess control effectiveness. Decreasing or stable reject rates 
would be indicative of effective process control. 
The manufacturer should have in-line check points to verify pro- 
cess control. Electrical wafer probing and lead bond pull tests 
are examples of check points, Results of these checks would aid 
in early detection of process problems, 
Acceptab le  P a r t s  
The p a r t s  shown i n  Tab le  8 are p a r t s  t h a t  have been used on s p a c e  
programs a t  M a r t i n  M a r i e t t a  Corpora t ion  and o t h e r  m a n u f a c t u r e r s  
of s p a c e  hardware.  The p a r t s  have s u f f i c i e n t  h i s t o r y  t o  demon- 
s t ra te  t h e  soundness of t h e i r  des ign .  They have been i n  produc- 
t i o n  long  enough t o  have ach ieved  a h i g h  d e g r e e  of p r o c e s s  matu- 
r i t y ,  w h i l e  a l s o  m a i n t a i n i n g  a p o p u l a r i t y  t h a t  w i l l  t e n d  t o  a s s u r e  
long-term produc t ion .  
The s e c t i o n  on  S e l e c t i o n  C r i t e r i a  i n  t h i s  c h a p t e r  must b e  c o n s i d e r e d  
when u s i n g  t h i s ,  o r  any o t h e r  l i s t .  The p r e s e n c e  of a JEDEC o r  com- 
m e r c i a l  number from t h i s  l i s t  on a p a r t  does n o t  n e c e s s a r i l y  p u t  i t  
i n  t h e  c a t e g o r y  of a h i g h  r e l i a b i l i t y  p a r t .  The manufac tu re r  and 
p a r t  e v a l u a t i o n  r e s u l t s  shou ld  b e  t h e  major de te rmin ing  f a c t o r .  
Regula tor  Diode  
Genera l  Purpose  Diode, Zener,  400 li\.J 
Genera l  Purpose Diode, Zener,  10 V 
V - 4 0  
Tempera ture  Con~pensated -65 t o  + I 7 5  
Reference  Diode Diode T. C . Reference  -55 t o  1-100 
-55 to +I50 
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VI. TANTALUM CAPACITORS 
by R. A. Homan 
A. INTRODUCTION 
This chapter discusses the following types of tantalum capacitors: 
1. Solid Electrolyte, Sintered Slug 
2, Wet Electrolyte, Foil 
a. Plain Foil 
b. Etched Foil 
3. Wet Electrolyte, Sintered Slug 
Tantalum electrolytic capacitors provide large values of capaci- 
tance per unit volume, but they are less reliable than other 
types. For example, Reference 1 reports that six tantalum capaci- 
tor failures occurred in the Mariner Venus 67 spacecraft program. 
The total capacitor usage was 4 6 2 2  parts of which 1301 were 
tantalums. No failures occurred in the other capacitor types. 
The construction of each of the tantalum capacitor types is re- 
viewed and an analysis of the associated failure mechanisms is 
made, From these considerations, and an industry survey, guide- 
lines are derived for design criteria, process control, test, 
and application requirements which will enhance their reliability. 
B. GUIDELINES FOR LONG-LIFE ASSURANCE 
The life expectancy of properly constructed, tested, and applied 
tantalum foil and solid electrolyte capacitors is in excess of 
100,000 hours. The quality of these parts is due largely to good 
control of critical materials and complex processes. However, 
many failures have occurred from errors such as lead welding, 
slug soldering, insulation sleeve defects, etc. The wet slug 
tantalum capacitor is not recommended for long-life applications 
at this time, The preferred choice for long-life applications is 
the solid electrolyte capacitor. Wet slug capacitors should be 
permitted only if their use has been specifically justified. When 
used, the electronic packaging design should permit their re- 
placement without damage to other parts. 
The g u i d e l i n e s  p r e s e n t e d  h e r e i n  w i l l  e n a b l e  u s e  o f  t an ta lum 
c a p a c i t o r s  w i t h  minimum p r o b a b i l i t y  of d e f e c t s  and maximum 
s e r v i c e  l i f e .  G u i d e l i n e s  f o r  wet e l e c t r o l y t e  s l u g  c a p a c i t o r s  
have  been inc luded  even though t h e  s o l i d  e l e c t r o l y t e  s l u g  c a p a c i -  
t o r  i s  t h e  p r e f e r r e d  c h o i c e  f o r  l o n g - l i f e  a p p l i c a t i o n s .  
I )  Use o n l y  h e r m e t i c a l l y  s e a l e d  c a p a c i t o r s  t o  p r o v i d e  maximum 
s t a b i l i t y  and r e l i a b i l i t y ,  and p r e v e n t  o u t g a s s i n g  d u r i n g  
low p r e s s u r e  o p e r a t i o n s .  
2) For f o i l  and wet s l u g  c a p a c i t o r s ,  t h e  l e a d s  shou ld  be  welded 
t o  anodized t an ta lum r i s e r s  e x t e r n a l  t o  t h e  h e r m e t i c  s e a l  
s o  a s  t o  p r o v i d e  a comple te ly  i n s u l a t e d  s t r u c t u r e  w i t h i n  
t h e  s e a l .  
3) The tan ta lum r i s e r  w i r e s  shou ld  n o t  ex tend  more than  114 
inch  beyond t h e  seal t o  minimize t h e  p o s s i b i l i t y  of bending 
and t h e r e f o r e  damaging t h e  r i s e r  and i t s  ox ide ,  p a r t i c u l a r l y  
a t  t h e  s e a l  a r e a .  
4) The cathode l e a d  of wet s l u g  c a p a c i t o r s  i n  s i l v e r  cans  should 
be  o f  a  m a t e r i a l  which i s  weldab le  t o  s i l v e r  w i t h o u t  c a u s i n g  
c r y s t a l l i z a t i o n  o r  punch-through. For t h i s  purpose ,  s i l v e r  
o r  oxygen f r e e  copper  i s  s u p e r i o r  t o  o t h e r  m a t e r i a l s  such a s  
n i c k e l .  
5)  G e l l e d  e l e c t r o l y t e  i s  p r e f e r r e d  over  l i q u i d  s u l f u r i c  a c i d  
e l e c t r o l y t e  i n  wet s l u g  c a p a c i t o r s  because  of l e s s e r  
m o b i l i t y .  
6 )  The p r o p e r  h i g h  t empera tu re  s o l d e r  must b e  used i n  f a b r i c a -  
t i o n  t o  p r e v e n t  r e f l o w  d u r i n g  assembly o p e r a t i o n s .  
7 )  The a t t achment  o f  s l u g s  i n t o  s o l i d  e l e c t r o l y t e  c a p a c i t o r  
c a s e s  must u t i l i z e  s i l v e r  b e a r i n g  s o l d e r  t o  p r e v e n t  s i l v e r  
p a i n t  d i s s o l v i n g  i n t o  t h e  s o l d e r .  
8) P l a i n  f o i l  c a p a c i t o r s  a r e  p r e f e r r e d  over  t h e  e t c h e d  f o i l ,  
s i n c e  t h e  e tched  f o i l  i s  somewhat more p rone  t o  manufac- 
t u r i n g  p r o c e s s  e r r o r s .  
Process  Cont ro l  Guide l ines  
I n  g e n e r a l  i t  i s  n o t  n e c e s s a r y  n o r  d e s i r a b l e  f o r  t h e  u s e r  t o  con- 
t r o l  t h e  p r o c e s s e s  of t h e  t an ta lum c a p a c i t o r  manufac tu re r .  Var ia-  
t i o n s  i n  p r o c e s s e s ,  e q u a l l y  s u c c e s s f u l  and e q u a l l y  p r o p r i e t a r y ,  
e x i s t .  Each manufac tu re r ,  however, must have h i s  p a r t i c u l a r  proc- 
e s s e s  under s t r i c t  c o n t r o l .  The l a c k  of c o n t r o l  w i l l  u s u a l l y  b e  
r e f l e c t e d  i n  wide p roduc t  v a r i a t i o n s  and poor  y i e l d .  As a guide- 
l i n e ,  however, t h e  u s e r  shou ld  n o t  w a i t  f o r  t h e s e  e f f e c t s  t o  mani- 
f e s t  themse lves ,  b u t  shou ld  o b t a i n  maximum s u p p l i e r  c o o p e r a t i o n  
and moni tor  h im as c l o s e l y  and con t inuous ly  as p o s s i b l e .  
T e s t  G u i d e l i n e s  
I )  Tantalum c a p a c i t o r s  shou ld  be  q u a l i f i e d  t o  t h e  requ i rements  of 
MIL-C-39003 o r  MIL-C-39006 l e v e l  P ,  as a minimum. A d d i t i o n a l  
program-pecul iar  r equ i rements  s h o u l d  b e  added a s  r e q u i r e d .  
2) Radiographic  i n s p e c t i o n  on 100% of t h e  d e v i c e s  shou ld  b e  made 
i n  accordance w i t h  more comprehensive i n s p e c t i o n  c r i t e r i a  such 
a s  i n  MSFC-STD-355 t o  d e t e c t  anomal ies  more e f f e c t i v e l y  . 
3) Burn-in s h o u l d  b e  i n c r e a s e d  t o  a minimum of 240 h o u r s  a t  r a t e d  
v o l t ~ g e  a t  85OC w i t h  t i g h t  d e l t a  l i m i t  c r i t e r i a .  S t a b i l i t y  i s  
a n  i n d i c a t i o n  of r e l i a b i l i t y  and p r e s e n t  d u r a t i o n s  a r e  n o t  
s u f f i c i e n t l y  long  t o  d e t e c t  a l l  p a r t s  w i t h  i n s t a b i l i t i e s .  Read 
and r e c o r d  measurements of c a p a c i t a n c e ,  d i s s i p a t i o n  f a c t o r ,  and 
l eakage  s h o u l d  b e  made b e f o r e  and a f t e r  burn- in  on 100% of t h e  
d e v i c e s .  
4) S e a l  t e s t  shou ld  b e  performed on 100% of t h e  dev ices  t o  v e r i f y  
every  s e a l .  I n  a d d i t i o n ,  i f  a c i d  e l e c t r o l y t e  i s  used ,  a  l i t m u s  
paper  o r  thymol b l u e  t e s t  shou ld  b e  added t o  t h e  u s u a l  l e a k  
t e s t .  
5)  A c c e l e r a t e d  tests a r e  a p p l i c a b l e  t o  s o l i d  t an ta lum c a p a c i t o r s .  
Caut ion i s  r e q u i r e d  i n  app ly ing  t h e s e  t e c h n i q u e s  t o  f o i l  o r  
wet  s l u g  c a p a c i t o r s  a s  e l e c t r o l y t e  breakdown may occur  a t  
r e l a t i v e l y  low v o l t a g e s  c r e a t i n g  a new f a i l u r e  mechanism. 
A p p l i c a t i o n  G u i d e l i n e s  
1 )  For h i g h e s t  r e l i a b i l i t y ,  p o l a r  c a p a c i t o r s  shou ld  b e  a p p l i e d  s o  
t h a t  v o l t a g e  r e v e r s a l  never  o c c u r s ,  i n c l u d i n g  t h e  c o n d i t i o n s  
of combined a c  and dc  v o l t a g e .  
!.]%en c s p a c i t o r s  a r e  used i n  s e r i e s ,  b a l a n c i n g  r e s i s t o r s  shou ld  
be  used t o  a s s u r e  p roper  d i v i s i o n  of v o l t a g e .  
When c a p a c i t o r s  a r e  used i n  b a n k s ,  t h e y  s h o u l d  b e  assembled i n  
e a s i l y  removable modules t o  f a c i l i t a t e  replacement  and tes t .  
S o l i d  e l e c t r o l y t e  c a p a c i t o r s  shou ld  b e  a p p l i e d  w i t h  a l i m i t -  
i n g  s e r i e s  r e s i s t o r  of 3 ohms p e r  v o l t  minimum s o  t h a t  s c i n -  
t i l l a t i o n  e f f e c t s  do n o t  p r e c i p i t a t e  c a t a s t r o p h i c  breakdown. 
When s o l i d  e l e c t r o l y t e  c a p a c i t o r s  a r e  used i n  banks ,  t h e  series 
l i m i t i n g  r e s i s t o r  s h o u l d  b e  i n s t a l l e d  w i t h  each c a p a c i t o r  t o  
p r e v e n t  d i s c h a r g e  of t h e  e n t i r e  bank i n t o  a  s c i n t i l l a t i o n  
f a u l t  . 
The r i p p l e  c u r r e n t  i n  a l l  c a p a c i t o r s  shou ld  b e  l i m i t e d  t o  
v a l u e s  which do n o t  b r i n g  t h e  t empera tu re  above t h e  d e r a t e d  
r a t i n g .  When c a p a c i t o r s  a r e  used i n  banks i t  i s  cau t ioned  
t h a t  t h e  c a p a c i t o r  w i t h  l o w e s t  ESR w i l l  c a r r y  t h e  l a r g e s t  
r i p p l e  c u r r e n t .  
The l a r g e s t  p o s s i b l e  c a s e  s i z e  shou ld  b e  used f o r  a  g iven 
c a p a c i t o r  v o l t a g e  r a t i n g  a s  t h i s  p rov ides  t h i c k e r  ox ide  d i -  
e l e c t r i c ,  lower E S R ,  lower d i s s i p a t i o n  f a c t o r ,  b e t t e r  h e a t  
d i s s i p a t i o n ,  and g r e a t e r  c a p a c i t a n c e  s t a b i l i t y .  
To minimize s i l v e r  p a r t i c l e  g e n e r a t i o n ,  t h e  r i p p l e  c u r r e n t  
f o r  wet s l u g  c a p a c i t o r s  s h o u l d  b e  d e r a t e d  as f o l l o w s :  
T1 Case S i z e  - 35 ma RMS 
T2 Case S i z e  - 120 m a  &"IS 
T3 Case S i z e  - 300 ma RMS 
For l o n g  l i f e  h i g h  r e l i a b i l i t y  usage ,  t h e  peak v o l t a g e  i n c l u d -  
i n g  s u r g e s  and t r a n s i e n t s  shou ld  be l i m i t e d  t o  50% of t h e  
m a n u f a c t u r e r ' s  d e r a t e d  r a t i n g s  f o r  a11 tan ta lum c a p a c i t o r s .  
For f o i l  and s o l i d  e l e c t r o l y t e  c a p a c i t o r s ,  t h e  a l l o w a b l e  r i p p l e  
c u r r e n t  shou ld  b e  d e r a t e d  t o  70% of t h e  m a n u f a c t u r e r ' s  d e r a t e d  
r a t i n g  f o r  h i g h  r e l i a b i l i t y ,  
7 he t empera tu re  oi s o l i d  el e c t r a l y t e  c a p a c i t o r s  s h o u l d  b e  l i m -  
i red  t o  50°C i n c l u d i n g  inreinal t empera tu re  r i s e .  For l o n g  
life, the f o i l  aad wet slug t y p e s  shou ld  b e  h e l d  t o  70°C, 
1) When purchas ing  t a n t a l u m  c a p a c i t o r s ,  t h e  lowes t  f a i l u r e  l e v e l  
a v a i l a b l e  shou ld  b e  used.  
2) F l i g h t  hardware  shou ld  u s e  t h e  f r e s h e s t  p roduc t  a v a i l a b l e  t o  
avo id  d e g r a d a t i o n  t h a t  may have o c c u r r e d  d u r i n g  s h e l f  l i f e  
and t o  t a k e  advantage of improved p r o c e s s e s  and t e c h n i q u e s .  
3) Whenever w e t  s l u g  c a p a c i t o r s  a r e  used ,  t h e y  shou ld  b e  oper- 
a t e d  a  minimum of 240 h o u r s  i n  t h e  a c t u a l  u s e  c o n d i t i o n .  D i s -  
s e c t i o n  shou ld  t h e n  b e  made and t h e  d e v i c e  observed f o r  s i l v e r  
d e p o s i t s  on t h e  anode and ca thode .  Evidence i n d i c a t e s  t h a t  
r i p p l e  c u r r e n t  can p l a t e  and d e p l a t e  s i l v e r .  
4 )  S e l e c t  p a r t s  w i t h  h i g h  volume cont inuous  p r o d u c t i o n  and ac- 
c e p t a b l e  p a s t  h i s t o r y  w i t h  no  l i k e l i h o o d  of p roduc t  l i n e  
obso lescence  t o  o b t a i n  p r o d u c t s  w i t h  m a t u r i t y .  
5) For h i g h e s t  a s s u r a n c e ,  r e j e c t  a l l  p a r t s  w i t h  a b s o l u t e  o r  
d e l t a  pa ramete r  o u t l i e r  v a l u e s .  Analyze paramete r  d e l t a  
s h i f t  d a t a  and u s e  on ly  t h e  most s t a b l e  p a r t s  i n  f l i g h t  ha rd-  
ware.  Perform l i t n u s  o r  thymol b l u e  test  on p a r t s  c o n t a i n i n g  
a c i d  j u s t  p r i o r  t o  i n s t a l l a t i o n  i n  assembly.  
6)  Avoid non-s tandard s i z e s ,  r a t i n g s ,  and l e a d  m a t e r i a l s  t o  a v o i d  
r i s k s  a s s o c i a t e d  w i t h  m a n u f a c t u r e r ' s  l a c k  of e x p e r i e n c e  w i t h  
such p a r t s .  
L I F E  LIMITING PROBmMS AND SOLUTIONS 
F a i l u r e  Mechanism Analys i s  
a. Construction Features - The h e a r t  o f  t h e  s i n t e r e d  t an ta lum 
c a p a c i t o r  i s  a  porous t a n t a l u m  anode f a b r i c a t e d  by forming s m a l l  
p a r t i c l e s  of h i g h  p u r i t y  t an ta lum i n t o  a compact mass and t h e n  
s i n t e r i n g  a t  h i g h  t empera tu re  under a  vacuum. Camphor, s t e a r i c  
a c i d ,  o r  s i m i l a r  o r g a n i c  compounds are added t o  t h e  powder p r i o r  
t o  p r e s s i n g  i n t o  p e l l e t s  of t h e  d e s i r e d  s h a p e  i n  a d i e  (Reference 
2 ) .  The problem is t o  f a b r i c a t e  a porous t a n t a l u m  body of h i g h  
p u r i t y ,  uniform p o r o s i t y ,  op t imal  d e n s i t y ,  h i g h  volume e f f i c i e n c y ,  
and h i g h  mechanical  s t r e n g t h .  The b i n d e r s  a r e  d r i v e n  o f f  d u r i n g  
a  p a r t  of t h e  s i n t e r i n g  o p e r a t i o n  known a s  t h e  p r e - s i n t e r i n g  s t e p .  
Both s i n t e r i n g  and p r e - s i n t e r i n g  a r e  b a t c h  p r o c e s s e s  w i t h  c y c l e  
t i m e s  of about  4 t o  10 hours .  S i n t e r i n g  t empera tu res  are approx- 
i m a t e l y  2000°C. The s i n t e r i n g  p r o c e s s  y i e l d s  a porous p e l l e t  
which has  a l a r g e  s u r f a c e  a r e a  r e l a t i v e  t o  i ts  volume. The volu-  
m e t r i c  e f f i c i e n c y  i s  dependent on t h e  s i z e  of t an ta lum powder 
used i n  forming t h e  p e l l e t ,  t y p i c a l  p o r e s  h a v i n g  d iamete r s  on 
t h e  o r d e r  of 10 microns ,  w i t h  l e n g t h s  as much as 118 i n c h .  Typ- 
i c a l  s u r f a c e  a r e a  ach ieved  i s  from 110 t o  200 cm2 p e r  gram. (Ref- 
e r e n c e  3 ) .  
The porous t an ta lum p e l l e t  i s  t h e n  anodized t o  form t h e  d i e l e c t r i c  
Ta205 f i l m  which is  t h e  a c t i v e  p a r t  of t h e  anode c a p a c i t a n c e .  The 
e l e c t r o c h e m i c a l  o x i d a t i o n  of t h e  p e l l e t  i s  performed i n  an anodiz-  
i n g  s o l u t i o n  such a s  phosphoric  a c i d .  A c u r r e n t  i s  passed between 
t h e  t an ta lum anode and a  s u i t a b l e  cathode m a t e r i a l  i n  t h e  a c i d  
s o l u t i o n .  The c u r r e n t  i s  k e p t  c o n s t a n t  a s  shown i n  F i g u r e  1, w h i l e  
t h e  v o l t a g e  i s  i n c r e a s e d .  Th is  i s  n e c e s s a r y  because  t h e  amorphous 
Ta205 is growing on t h e  p e l l e t .  A t  a predetermined v o l t a g e  ( c a l l e d  
t h e  forming v o l t a g e )  t h e  v o l t a g e  i s  h e l d  c o n s t a n t  w h i l e  t h e  c u r r e n t  
d e c r e a s e s  due t o  t h e  o x i d e  t h i c k n e s s  approaching a l i m i t i n g  v a l u e  
p r o p o r t i o n a l  t o  t h e  forming v o l t a g e  used.  The forming v o l t a g e  i s  
t y p i c a l l y  between f o u r  and e i g h t  t imes  t h e  v o l t a g e  r a t i n g  of t h e  
f i n i s h e d  c a p a c i t o r .  
To complete t h e  c a p a c i t o r ,  a c o n t a c t  must b e  made t o  t h e  ox ide .  
The two c o n t a c t  methods used are wet e l e c t r o l y t e  and s o l i d  e l e c t r o -  
l y t e ,  which is  t h e  d e r i v a t i o n  of t h e  terms f o r  t h e s e  c a p a c i t o r s .  
Time 
Figure 1 Anodization Cwves 
The terms wet-s lug and s o l i d - s l u g  d i s t i n g u i s h  t h e  t y p e  of e l e c t r o -  
l y t e  used i n  s i n t e r e d  t an ta lum c a p a c i t o r s .  The porous anode s t r u c -  
t u r e  imposes a  l i m i t a t i o n  i n  t h a t  t h e  ca thode  s u r f a c e  cannot  b e  
b rought  i n  c l o s e  p rox imi ty  w i t h  t h e  anode s u r f a c e  such as i n  con- 
v e n t i o n a l  wound f o i l  c a p a c i t o r s .  The ca thode  area i s  r e s t r i c t e d  
s e v e r e l y  because  i t  cannot  conven ien t ly  exceed t h e  o u t e r  s u r f a c e  
of t h e  anode. Also ,  t h e  e l e c t r o l y t e  must have  low r e s i s t i v i t y  
because  t h e  r e s i s t a n c e  of e l e c t r o l y t e  i n  t h e  p o r e s  i s  i n  s e r i e s  
w i t h  t h e  c a p a c i t o r ,  a d v e r s e l y  a f f e c t i n g  t h e  power f a c t o r ,  The most 
s u i t a b l e  e l e c t r o l y t e  i n  common use  f o r  wet s l u g  c a p a c i t o r s  i s  30-40% 
s u l f u r i c  a c i d  s o l u t i o n .  I t  may b e  i n  a l i q u i d  o r  g e l l e d  f o m ,  
This  e l e c t r o l y t e  h a s  an  a c c e p t a k l e  temperaure  c o e f f i c i e n t  of re- 
s i s t a n c e  t o  -55OC and can b e  o p e r a t e d  a t  125OC i n  a pure  s i l v e r  
c o n t a i n e r ,  The c o n t a i n e r  i s  t h e  cathode and t h e  s u l f u r i c  a c i d  
s o l u t i o n  i s  t h e  conductor  between t h e  t a n t a l u m  ox ide  s u r f a c e  and 
t h e  s i l v e r  ca thode .  The c a p a c i t a n c e  of a  we t  s l u g  e l e c t r o l y t i c  
c a p a c i t o r  i s  n o t  determined e n t i r e l y  by t h e  area and t h i c k n e s s  of 
t h e  Ta205 d i e l e c t r i c  and i t s  d i e l e c t r i c  c o n s t a n t .  Th i s  is  due 
p r i m a r i l y  t o  t h e  c a p a c i t a n c e  of t h e  ca thode  which a c t s  i n  s e r i e s  
w i t h  t h e  anode c a p a c i t a n c e .  This  c a p a c i t a n c e  i s  p o l a r i z a t i o n  
c a p a c i t a n c e  due t o  a  Helmholtz double  l a y e r  a t  t h e  cathode s u r f a c e .  
This  double l a y e r  c o n s i s t s  of space  charge c r e a t e d  by a  l a y e r  of 
i o n s  absorbed on t h e  s i l v e r  s u r f a c e  and an o p p o s i t e l y  charged 
l a y e r  i n  t h e  e l e c t r o l y t e  i n t e r f a c e  s e p a r a t e d  by a d i s t a n c e  of a  
few angstroms. Th is  s m a l l  charge l a y e r  s e p a r a t i o n  r e s u l t s  i n  
c a p a c i t a n c e  on t h e  o r d e r  of 10 mic rofa rads  p e r  cm2 of s u r f a c e  f o r  
s i l v e r  i n  s u l f u r i c  a c i d  (Reference 3 ) .  Th is  c a p a c i t a n c e  i s  a func-  
t i o n  of t h e  m e t a l  and t h e  e l e c t r o l y t e .  A s  i t  i s  d e s i r a b l e  t o  have 
Frrf i n x C ~  c arrl~oile capao i t a n c e ,  tlre i n t e r i o r  of t h e  s i l v e r  c a s e  is  
ds a a t l y  t r e a t e d  (such as p l a t i n i z i  iig) t o  I n c r e a s e  t h i s  c a p a c i t a n c e .  
A g r e a t  d e a l  of e f f o r t  h a s  been made i n  determing combinat ions  
which have  t h e  h i g h e s t  c a p a c i t a n c e  p e r  u n i t  ca thode  a r e a .  Any 
chemical  o r  e l e c t r o c h e m i c a l  r e a c t i o n s  between t h e  e l e c t r o l y t e  and 
cathode u s u a l l y  l e a d  t o  t h e  fo rmat ion  of d i e l e c t r i c  f i l m s  t h a t  
g reab ly  reduce t h e  p o l a r i z a t i o n  c a p a c i t a n c e  and g i v e  r i s e  t o  a g i n g  
e f f e c t s  i n  t h e  c a p a c i t o r .  The p o l a r i z a t i o n  c a p a c i t a n c e  d e c r e a s e s  
w i t h  f requency and accounts  f o r  t h e  poor  f requency  c h a r a c t e r i s t i c s  
of wet t a n t a l u m  c a p a c i t o r s .  The poor  low tempera tu re  c h a r a c t e r -  
i s t i c  i s  due t o  d e c r e a s e  i n  t h e  p o l a r i z a t i o n  c a p a c i t a n c e  and t h e  
l a r g e  i n c r e a s e  i n  e l e c t r o l y t e  r e s i s t i v i t y .  
F i g u r e  2  shows one t y p e  of c o n s t r u c t i o n  of a  h e r m e t i c a l l y  s e a l e d  
wet s l u g  t an ta lum c a p a c i t o r .  The e las tomer  s u p p o r t  pads a r e  
used t o  i s o l a t e  t h e  anode from t h e  c a s e  and p r o v i d e  s u p p o r t  as 
an a n t i - v i b r a t i o n  s p a c e r .  The s o l d e r  shou ld  b e  h i g h  t empera tu re  
s o l d e r  s o  t h a t  r e f l o w  does n o t  occur  due t o  assembly o p e r a t i o n s  
i n  c i r c u i t  f a b r i c a t i o n ,  Ln o t h e r  d e s i g n s ,  an  e y e l e t  is provided 
i n  t h e  header  and t h e  l e a d  weld i s  b u r i e d  i n  t h e  e y e l e t  as opposed 
t o  b e i n g  e x t e r n a l  t o  t h e  case .  Some d e s i g n s  p r o v i d e  a crimp i n  
t h e  can over  t h e  t o p  e l a s t o m e r  pad t o  minimize c a p i l l a r y  a c t i o n  
and conf ine  t h e  e l e c t r o l y t e  t o  t h e  s l u g  a r e a .  T h e o r e t i c a l l y  
t h e r e  shou ld  b e  no  chemical  d e g r a d a t i o n  of t h e  d e v i c e .  However, 
t h e  p o s s i b i l i t y  of i m p u r i t i e s  b e i n g  i n  t h e  e l e c t r o l y t e  o r  o t h e r  
m a t e r i a l s  always e x i s t s ,  as w e l l  a s  d e f e c t s  caused by h a n d l i n g ,  
we ld ing ,  s e a l i n g ,  e t c .  The e l e c t r o l y t e  does n o t  d i s s o l v e  t h e  
t an ta lum ox ide .  
The r e s i s t a n c e  of t h e  t a n t a l u m  o x i d e - e l e c t r o l y t e  i n t e r f a c e  i s  
very  Low i n  t h e  r e v e r s e  d i r e c t i o n .  The p e r m i s s i b l e  r e v e r s e  
v o l t a g e  i s  t h e o r e t i c a l l y  determined by t h e  p o t e n t i a l  r e q u i r e d  t o  
cause  an e v o l u t i o n  of hydrogen a t  t h e  s i l v e r  ca thode .  With s u l -  
f u r i c  a c i d  e l e c t r o l y t e  and a  s i l v e r  ca thode ,  t h e  r e v e r s e  v o l t a g e  
i s  thus  t h e o r e t i c a l l y  l i m i t e d  t o  about  1 . 2  v o l t s .  However, any 
r e v e r s e  c u r r e n t  i n  t h i s  t y p e  of c a p a c i t o r  w i l l  cause  s i l v e r  i o n s  
i n  t h e  e l e c t r o l y t e  t o  p l a t e  out  on t h e  anade s l u g .  This  p l a t i n g  
i s  p r e f e r e n t i a l  a t  h igh  c o n d u c t i v i t y  s i t e s  ( d e f e c t s )  on t h e  o x i d e .  
A s  s i l v e r  does n o t  a n o d i z e ,  t h e  h i g h  c o n d u c t i v i t y  s i t e s  remain 
s o  and may cause  a  s h o r t  between t h e  t an ta lum and t h e  e l e c t r o l y t e .  
With forward v o l t a g e  a p p l i e d  a t  a l l  t i m e s ,  h i g h  c o n d u c t i v i t y  s i tes 
have a  tendency t o  h e a l  themse lves ,  The mechanism of s e l f - h e a l i n g  
i s  e l e c t r o l y s i s  i n  much t h e  same manner i n  which t h e  c a p a c i t o r s  
were o r i g i n a l l y  formed. Any f r a c t u r e s  o r  weak s p o t s  i n  t h e  ox ide  
( i f  rlot c a t a s t r o p h i c )  would  h e a l  themselves  by reforming w i t h  ap- 
p l i e d  voltage, This a l s o  occurs  i n  t h e  phenomenon known a s  "sc in-  
t i l l  a t . i . o n ' h  ou. "Flicker. '' The oxide breaks down suddenly under 
voltage s t r e s s ,  a h igh current flows momentar i ly ,  t h e  brealcdown 
s i t e  i s  se l1 - -hea led ,  :lowever, even when t h e r e  i s  no breakdown, 
e l e c t r o l y s i s  i s  continuous' ly i n  o p e r a t i o n  and weak s p o t s  i n  t h e  
o x i d e  a r e  i n  a dynamic s t a t e  of r e p a i r .  As a r e s u l t ,  t h e  l e a k a g e  
c u r r e n t  a t  c o n s t a n t  v o l t a g e . g r a d u a l l y  d e c r e a s e s  i n  t i m e .  T h i s  
a c t i o n  o p e r a t e s  only  under v o l t a g e  a p p l i c a t i o n .  When wet  s l u g  
capac iLors  a r e  dormant,  t h e  oxygen accumulated i s  d i f f u s e d  away 
and l eakage  c u r r e n t s  w i l l  i n c r e a s e .  
positive Lead 
f igure 2 Wet S lug  TantaZm Cqneitor 
Figure  3 shows the  t y p i c a l  c o n s t r u c t i o n  f e a t u r e s  of a  h e r m e t i c a l l y  
sealed s o l i d  s l u g  c a p a c i t o r .  The b a s i c  s i n t e r i n g  and a n o d i z i n g  
p r o c e s s e s  are s i m i l a r  t o  t h e  wet s l u g  c a p a c i t o r  excep t  t h a t  t h e  
s a f e t y  margin between forming v o l t a g e  and working v o l t a g e  i s  
u s u a l l y  g r e a t e r  i n  t h e  s o l i d  s l u g  c a p a c i t o r .  Because of t h e  gen- 
e r a l l y  t h i c k e r  o x i d e  f i l m  and t h e  d i f f i c u l t y  i n  a s s u r i n g  f u l l  i m -  
p r e g n a t i o n  of t h e  porous s l u g  w i t h  t h e  s o l i d  e l e c t r o l y t e ,  t h e  vo lu-  
m e t r i c  e f f i c i e n c y  o f  s o l i d  e l e c t r o l y t e  c a p a c i t o r s  i s  n o t  as h i g h  as 
t h e  wet  s l u g .  However, t h e  s o l i d  e l e c t r o l y t e  c a p a c i t o r  does n o t  
have t h e  problem of s e a l i n g  a l i q u i d  e l e c t r o l y t e  and a l s o  e x h i b i t s  
improved performance c h a r a c t e r i s t i c s ,  p a r t i c u l a r l y  a t  low temper- 
a t u r e s .  Semiconducting o x i d e s ,  such  as Pb02, Mn02, and N i O  have 
been used ,  wi thmanganese  d i o x i d e  i n  common u s e  today .  Th is  e l e c t r o -  
- -- 
l y t e  h a s  a low r e s i s t i v i t y  and can b e  produced r e a d i l y  from decom- 
- p- - - 
p o s i t i o n  ofmanganese  sa l ts .  The Mn02 i s  produced i n  situ i n  t h e  
pores  of  t h e  anode because  i t  cannot  b e  manufactured i n  a l i q u i d  form. 
Figure 3 S o l i d  S lug  Tantalum Capa&.to~i 
H e a t i n g  t h e  ox ide  above 450°C decomposes i t  t o  h i g h l y  i n s u l a t i n g  
lower o x i d e s ,  The p o r e s  of t h e  anode a r e  impregnated w i t h  a con- 
c e n t r a t e  of maganese n i t r a t e ,  which is  then pyrolyzed.  The s o l u -  
b i l i t y  of t h e  n i t r a t e  i s  l i m i t e d  s o  t h e  s o l u t i o n  i s  about  50% 
w a t e r .  The r e a c t i o n  i s  c a r r i e d  o u t  a t  approximately  400°C t o  
p r e v e n t  fo rmat ion  of lower ox ides .  However, t h e  w a t e r  i s  con- 
v e r t e d  t o  s t e a m  and is  f o r c e d  o u t  o f  t h e  p o r e s  a t  h i g h  p r e s s u r e .  
A  gaseous  p r o d u c t ,  N204, i s  a l s o  evolved i n  t h e  p r o c e s s  and must 
a l s o  escape  from t h e  p o r e s .  The r e s u l t  of g a s s i n g  i s  such t h a t  
t h e  Mn02 e l e c t r o l y t e  is  d e p o s i t e d  a s  a  ve ry  f i n e  foam, b u t  a  
s i n g l e  impregnat ion o n l y  p a r t l y  f i l l s  t h e  p o r e s .  The p r o c e s s  
needs  t o  b e  r e p e a t e d  approximately  n i n e  t imes  f o r  s a t i s f a c t o r y  
r e s u l t s ,  Even a t  t h e  end of n i n e  p y r o l y s e s ,  t h e  p o r e s  a r e  n o t  
s o l i d l y  f i l l e d  w i t h  Mn02 because  each  s u c c e s s i v e  d e p o s i t  r e s t r i c t s  
t h e  impregnat ion of t h e  p o r e s  w i t h  a d d i t i o n a l  s o l u t i o n .  The tan-  
ta lum oxide i s  under s e v e r e  s t r e s s  d u r i n g  p y r o l y s i s  (Refe rence  4 ) .  
A f t e r  complet ion of t h i s  p r o c e s s ,  w i t h  many of t h e  p o r e s  and pas- 
sageways b locked  by t h e  manganese d i o x i d e ,  t h e  d e v i c e  must b e  
r e t u r n e d  t o  an  e l e c t r o l y t i c  b a t h  and "reformed". The refonna-  
t i o n  v o l t a g e  i s  l e s s  t h a n  t h e  fo rmat ion  v o l t a g e ,  b u t  s t i l l  ap- 
p r e c i a b l y  h i g h e r  than  t h e  o p e r a t i n g  v o l t a g e .  I n  o r d e r  t o  make 
a  good ohrnic c o n t a c t  t o  t h e  e l e c t r o l y t e ,  i t  h a s  been found nec- 
e s s a r y  t o  app ly  a  l a y e r  of g r a p h i t e  (aquadag) t o  t h e  Mn02. Th is  
i s  done by d i p p i n g  t h e  anode c o a t e d  w i t h  Mn02 i n  a c o l l o i d a l  
g r a p h i t e  s u s p e n s i o n ,  which is  t h e n  d r i e d .  The g r a p h i t e  coa ted  
anode i s  t h e n  dipped i n  a s i l v e r  p a s t e  w i t h  a n  o r g a n i c  b i n d e r .  
The s i l v e r  p a s t e  (sometimes c a l l e d  p a i n t )  i s  cured t o  produce 
good c o n t a c t  w i t h  t h e  g r a p h i t e .  
The use  of t h e  semiconduct ing e l e c t r o l y t e  produces  some s i g n i f i -  
c a n t  changes,  F i r s t ,  t h e  m e t a l l i c  ca thode becomes a  p u r e l y  
ohmic c o n t a c t .  The wet so lu t ion- to -meta l  i n t e r f a c e  i s  e l i m i n a t e d  
which means t h a t  t h e  Helmholtz double  l a y e r  and cathode p o l a r i z a -  
t i o n  c a p a c i t a n c e  i s  e l i m i n a t e d .  The r e s i s t a n c e  of t h e  e l e c t r o l y t e  
i s  no l o n g e r  s t r o n g l y  dependent on t empera tu re  s i n c e  i t  i s  n o t  
governed by t h e  v i s c o s i t y  of t h e  l i q u i d .  The f requency dependence 
of t h e  c a p a c i t a n c e  i s  much l e s s  due t o  e l i m i n a t i o n  of t h e  p o l a r i z a -  
t i o n  c a p a c i t a n c e ,  The c a p a c i t o r  r e t a i n s  i t s  r e c t i f y i n g  p r o p e r t i e s  
and i t  is  assumed t h a t  t h e  r e c t i f y i n g  j u n c t i o n  i s  l o c a t e d  a t  t h e  
Ta205-Mn02 i n t e r f a c e .  The r e v e r s e  v o l t a g e  c h a r a c t e r i s t i c s  a r e  
ve ry  much improved s i n c e  t h e r e  i s  no e l e c t r o l y t i c  r e l e a s e  of hy- 
drogen. The r e v e r s e  c u r r e n t  i s  l e s s ,  due t o  t h e  e l e c t r o l y t e  r e s i s t -  
ance which is  h i g h e r  khan t h e  l i q u i d  e l e c t r o l y t e  r e s i s t a n c e ,  
The s e l f - h e a l i n g  p r o c e s s  and s r i n t i l b a t i o n  a r e  a l s o  observed i n  
t h e  s o l i d  c a p a c i t o r s .  One explanation i s  t h a t  t h e  manganese 
d i o x i d e  is broken down i n t o  lower o x i d e s  by l o c a l  h e a t i n g  a t  
d e f e c t  s i t e s .  A t  abou t  500°C oxygen w i l l  b e  r e l e a s e d  which may 
be a v a i l a b l e  t o  form new tan ta lum o x i d e  a t  t h e  d e f e c t  s i t e .  
Another e x p l a n a t i o n  i s  thaL Lhe i n c r e a s e d  r e s i s t i v i t y  of t h e  
lower ox ide  p l u g s  t h e  l eakage  s i t e  w i t h  a h i g h  r e s i s t i v e  p l u g  
(References  5 ,  6 ,  and 7 ) .  Indeed ,  ev idence  of f u s e d  t an ta lum a t  
f a i l u r e  s i tes h a s  been observed,  i n d i c a t i n g  t h a t  t h e  l o c a l  tem- 
p e r a t u r e  d u r i n g  low impedance f a u l t s  can b e  as h i g h  as 3 0 0 0 ° ~ .  
However, t h e  ev idence  p r e s e n t e d  i n  Refe rences  5  and 6 has l e d  
t h e s e  w r i t e r s  t o  b e l i e v e  t h a t  fo rmat ion  of new t a n t a l u m  ox ide  i s  
n o t  t h e  c o r r e c t  e x p l a n a t i o n  f o r  s e l f - h e a l i n g ,  b u t  t h a t  h i g h  
r e s i s t i v i t y  ( l o 6  ohm-cm) lower ox ides  o f  manganese i s o l a t e  t h e  
f a u l t  w i t h  i n s u l a t i o n .  The a b i l i t y  of t a n t a l u m  t o  a n o d i c a l l y  
grow o x i d e  when i n  c o n t a c t  w i t h  Mn02 r a t h e r  t h a n  a wet e l e c t r o -  
l y t e  h a s  shown t h a t  t h e r e  i s  some ox ide  growth. The r a t e ,  how- 
e v e r ,  i s  s e v e r a l  o r d e r s  of magnitude below t h a t  f o r  l i q u i d  
e l e c t r o l y t e s .  Thus,  t h e  s e l f - h e a l i n g  mechanism i n  s o l i d s  depends 
on d e f e c t  s i tes r e a c h i n g  a  t empera tu re  of about  500°C, b u t  t h e  
c u r r e n t  f low shou ld  b e  l i m i t e d  t o  p r e v e n t  e x c e s s i v e  h e a t  which 
would make t h e  f a u l t  p ropaga te  o r  go c a t a s t r o p h i c .  Thus,  t h e  
g e n e r a l  r u l e  f o r  l i m i t i n g  t h e  c u r r e n t  t o  approximately  300 m i l l i -  
amps when a p p l y i n g  s o l i d  t a n t a l u m  c a p a c i t o r s .  
A f t e r  complet ion of t h e  aquadag and s i l v e r  p a i n t  a p p l i c a t i o n ,  t h e  
s l u g  i s  s o l d e r e d  i n t o  a  b r a s s  can t o  make a  s o l i d  assembly.  The 
can,  a s  w i t h  wet s l u g  c a p a c i t o r s ,  i s  a t  ca thode p o t e n t i a l .  High 
t empera tu re  s o l d e r  shou ld  be used th roughout .  For a c  a p p l i c a t i o n s ,  
s o l i d  c a p a c i t o r s  are a v a i l a b l e  which e s s e n t i a l l y  c o n s i s t  of two 
s l u g s  connected back-to-back , t h e  e x t e r n a l  l e a d s  b e i n g  t h e  anode 
l e a d  of each s l u g .  
F igure  4 shows t h e  c o n s t r u c t i o n  f e a t u r e s  of t h e  t a n t a l u m  f o i l  
c a p a c i t o r ,  t h i s  u n i t  having a  h e r m e t i c a l l y  s e a l e d  c a s e .  As w i t h  
a l l  t a n t a l u m  e l e c t r o l y t i c  c a p a c i t o r s ,  t h e  d i e l e c t r i c  i s  t a n t a l u m  
ox ide  and t h e  c a p a c i t i v e  a c t i o n  i s  achieved by a  tanta lum-tanta lum 
p e n e o x i d e - e l e c t r o l y t e  i n t e r f a c e ,  The f o i l  t y p e  c a p a c i t o r  h a s  a 
v o l u m e t r i c  e f f i c i e n c y  which i s  lower than  t h e  s o l i d  and wet s i n -  
t e r e d  s l u g  t y p e s .  High c a p a c i t a n c e  p e r  u n i t  volume i s  o b t a i n e d  
by a n o d i z i n g  t h i n  s h e e t s  of r an ta lum f o i l .  The f o i l  may b e  p l a i n  
o r  e t c h e d  p r i o r  t o  a n o d i z j n g ,  'rhe e t c h e d  f o i l  p r o v i d e s  more e f -  
f e c t i v e  s u r f a c e  area and  a Izjgher c a p a c i t a n c e  p e r  u n i t  volume. 
Two f o i l s  a r e  p r e p a r e d ,  one f o r  t h e  anode and t h e  o t h e r  f o r  t h e  
ca thode ,  The cathode fail i s  cti-todized t o  a  v e r y  t h i n  l a y e r  of 
oxide wllibe tlie anode i - 0 3 1  1 5  anodized t o  ach ieve  t h e  d e s i r e d  
v o l t a g e  ~ a t i n g ,  The anode and cathode f o i l s  a r e  assembled i n t o  
;t i r i  I C ~ C J ~ C ' ~ L ,  w j it] iObb--%ii'( L L O ~  as shown i n  F igure  5, 
Tantalum Lead Glass T.J. r L L L  --=-tii-Fiioi; 1 1 - 2  i'ci d i T i t a n i u m  C z ~ n  
f Nickel  L e a d  
Weld T e f l o n  Space r  
\ E l e c t r o l y t e  \ 
Rolled-up F o i l  Assembly 
I 
Weld 
Figure 4 TmtaZum Foi 2 Capacitor 
E l e c t r o l y t e  Impregnated Paper  Spacer  
Ta F o i l  (Anode) Ta F o i l  (Cathode) 
Fi.gure 5 Cross Sectio?~ of Foil Assemb Zy 
The two f o i l s  a r e  s e p a r a t e d  by an e l e c t r o l y t e  impregnated paper 
s p a c e r ,  The ox ide  on t h e  anode f o i l  de te rmines  t h e  c a p a c i t a n c e  
and v o l t a g e  r a t i n g  of t h e  dev ice .  The two o x i d e s  a r e  f a c i n g  each 
o t h e r .  The o x i d e  on t h e  ca thode  f o i l  p r e v e n t s  h i g h  l eakage  cur-  
r e n t s  w i t h  up t o  3.5 v o l t s  r e v e r s e  v o l t a g e .  The e l e c t r o l y t e  i m -  
p regna ted  paper  p rov ides  a conduct ion p a t h  between anode and 
cathode.  The f o i l  sandwich i s  r o l l e d  i n t o  a c y l i n d r i c a l  shape  
and assembled i n  t h e  c a s e .  I n  t h i s  assembly,  i d e n t i c a l  h e r m e t i c  
s e a l s  are used at  b o t h  ends .  Tantalum feed- through l e a d s  a r e  
welded t o  t h e  ca thode  and anode s i d e s  of t h e  f o i l  and ex tend  out-  
s i d e  t h e  c a s e  v i a  t a n t a l u m  t o  g l a s s  s e a l s .  The s e a l s  a r e  welded 
t o  t h e  t i t a n i u m  c a s e  around t h e  edges o f  t h e s e  feed- throughs.  
Nicke l  e x t e n s i o n  l e a d s  are welded t o  t h e  t an ta lum feed- throughs 
o u t s i d e  t h e  c a s e .  I n  t h i s  c o n s t r u c t i o n ,  b o t h  t h e  anode and cathode 
a r e  i s o l a t e d  e l e c t r i c a l l y  from t h e  c a s e .  
b. Wet TmztaZum Capacitor Failure Modes - S h o r t  c i r c u i t s ,  h i g h  d c  
l e a k a g e ,  and e l e c t r o l y t e  l eakage  have been t h e  major  problems as- 
s o c i a t e d  w i t h  w e t  s lug.  t an ta lum c a ~ a c i t o r s  (Reference 8) . The 
major problem h a s  been e l e c t r o l y t e  l eakage  a s  i s  evidenced by t h e  
f a c t  t h a t  mare than hal f  of t h e  A l e r t s  on ve? eanacitors a r e  ad- 
d r e s s e d  t o  t h i s  problem. However, improved manufactur ing c o n t r o l s  
and development of h e r m e t i c a l l y  s e a l e d  d e s i g n s  have a l l e v i a t e d  t h i s  
problem t o  a l a r g e  e x t e n t .  Table  1 summarizes t h e  predominant 
f a i l u r e  mechanisms f o r  wet t an ta lum c a p a c i t o r s ,  a d e s c r i p t i o n  and 
c a u s e  o f  t h e s e  mechanisms, methods o f  d e t e c t i n g  t h e  d e f e c t s ,  and 
methods t o  minimize  or e l i m i n a t e  t h e  c a u s e  o f  t h e s e  d e f e c t s .  
EZectroZyte Leakage - I n  a d d i t i o n  t o  an i n c r e a s e  i n  d i s s i p a t i o n  
f a c t o r  and a d e c r e a s e  i n  c a p a c i t a n c e ,  t h e  c o r r o s i v e  s u l f u r i c  a c i d  
e l e c t r o l y t e  can b e  damaging t o  ne ighbor ing  components i f  l eaked  
o u t .  The s t a n d a r d  e l a s t o m e r  s e a l  d e s i g n ,  r e g a r d l e s s  of t h e  num- 
b e r  of crimps p laced  on t h e  can ,  i s  prone t o  b r e a t h i n g .  Although 
t h e  s e a l  m a t e r i a l s  have s u f f i c i e n t  r e s i s t a n c e  t o  t h e  e l e c t r o l y t e ,  
m a s s  s p e c t r o m e t r i c  exper iments  and weight  l o s s  t e s t s  have shown 
t h a t  w a t e r  vapor  and gases  such as hydrogen, oxygen, and n i t r o g e n  
d i f f u s e  through t h e  s e a l s  d u r i n g  e l e c t r i c a l  b i a s  and s t o r a g e .  How- 
e v e r ,  most p a r t  f a i l u r e s  due t o  s e a l  l eakage  have been caused by 
f a u l t y  crimping o r  t h e  t an ta lum r i s e r  w i r e  has  d e f e c t s  such a s  
a b r a s i o n s ,  s c r a t c h e s ,  o r  i s  o u t  of round and p rov ides  a p a t h  f o r  
t h e  e l e c t r o l y t e .  Glass  s e a l s  were cracked d u r i n g  conformal c o a t -  
i n g  c u r e  c y c l i n g  of h e r m e t i c a l l y  s e a l e d  c a p a c i t o r s  ( A l e r t  F3-72-02),  
Ta
b Z
e 
1 
F
ai
lu
re
 M
ec
ha
ni
sm
 A
na
ly
si
s 
W
et
 T
m
zt
aZ
um
 C
ap
ac
ito
rs
 
PA
II
LR
E 
ME
CH
AM
IS
M 
El
ec
tr
ol
yt
e 
Le
ak
ag
e 
Ox
id
e 
De
fe
ct
s 
Fa
ul
ty
 c
r
im
pi
ng
 o
f 
e
la
st
om
er
 
s
e
a
ls
, 
r
is
er
 w
ir
e 
o
u
t 
o
f 
r
o
u
n
d 
o
r
 
ha
s 
s
c
r
a
tc
he
s 
a
n
d 
a
br
as
io
ns
. 
Ov
er
et
ch
in
g 
o
f 
s
e
a
ls
 w
he
n 
r
e
m
o
v
in
g 
s
il
ic
a 
fr
om
 l
ea
ds
. 
Ca
th
od
e 
le
ak
ag
e 
a
t 
n
ic
ke
l 
le
ad
 w
e
ld
 t
o 
s
il
ve
r 
c
a
s
e
.
 
Le
ak
ag
e 
pa
st
 
in
ne
r 
s
e
a
l 
c
a
u
s
in
g 
e
le
ct
ro
ly
te
 t
o 
br
id
ge
 a
n
o
de
 l
ea
d 
to
 
c
a
th
od
e.
 
Im
pu
ri
ti
es
 i
n 
s
ta
rt
in
g 
ta
nt
al
um
 i
mp
ed
e 
o
x
id
e 
gr
ow
th
 a
t 
s
it
es
 d
ur
in
g 
a
n
o
di
za
ti
on
. 
Ab
ra
si
on
s 
o
f 
s
in
te
re
d 
pe
ll
et
s 
e
x
po
se
 i
mp
ur
it
ie
s 
pr
io
r 
to
 a
n
o
di
za
ti
on
. 
DE
TE
CT
IO
N 
ME
TH
OD
 
Th
ym
ol
 b
lu
e 
o
r
 
li
tm
us
 
pa
pe
r 
te
st
. 
In
cr
ea
se
 i
n 
di
ss
ip
at
io
n 
fa
ct
or
 o
r
 
de
- 
c
r
e
a
s
e
 
in
 c
a
pa
ci
ta
nc
e.
 
Te
mp
er
at
ur
e 
c
yc
li
ng
, 
bu
rn
-i
n,
 s
e
a
l 
te
st
, 
in
- 
s
u
la
ti
on
 r
e
s
is
ta
nc
e.
 
Th
ym
ol
 b
lu
e 
o
r
 
li
tm
us
 
pa
pe
r 
te
st
. 
Te
mp
er
at
ur
e 
c
yc
li
ng
, 
bu
rn
-i
n,
 s
e
a
l 
te
st
. 
Th
ym
ol
 b
lu
e 
o
r
 
li
tm
us
 
pa
pe
r 
te
st
, 
s
a
m
pl
e 
lo
t 
di
ss
ec
ti
on
 o
f 
le
ad
 w
e
ld
 
a
r
e
a
 
fo
r 
e
x
a
m
in
at
io
n 
o
f 
gr
ai
n 
s
tr
uc
tu
re
 a
n
d 
de
- 
te
ct
io
n 
o
f 
th
in
 s
il
ve
r.
 
Te
mp
er
at
ur
e 
c
yc
li
ng
, 
, b
ur
n-
in
. 
/ I
nc
re
as
ed
 l
ea
ka
ge
 c
u
r
r
e
n
t 
o
r
 
s
ho
rt
 c
ir
cu
it
. 
Te
mp
er
at
ur
e 
c
yc
li
ng
, 
bu
rn
-i
n.
 
Hi
gh
 l
ea
ka
ge
 c
u
r
r
e
n
ts
 
o
r
 
o
u
tl
ie
r 
le
ak
ag
e 
c
u
r
r
e
n
ts
. 
Te
mp
er
at
ur
e 
c
yc
li
ng
, 
bu
rn
-i
n,
 s
u
r
ge
 
te
st
. 
Hi
gh
 l
ea
ka
ge
 c
u
r
r
e
n
ts
 o
r
 
o
u
tl
ie
r 
le
ak
ag
e 
c
u
r
r
e
n
ts
. 
Te
mp
er
at
ur
e 
c
yc
li
ng
, 
bu
rn
-i
n,
 s
u
r
ge
 t
es
t.
 
EL
IM
IN
AT
E 
CA
IJ
SE
 
-
 
Us
e 
o
f 
he
rm
et
ic
al
ly
 s
e
a
le
d 
c
a
pa
ci
to
r 
de
si
gn
, 
u
s
e
 
ge
ll
ed
 
e
le
ct
ro
ly
te
 t
o 
m
in
im
iz
e 
m
o
bi
li
ty
. 
Im
pr
ov
ed
 p
ro
ce
ss
 
c
o
n
tr
ol
, 
ke
ep
 e
tc
ha
nt
 f
ro
m 
s
e
a
l 
a
r
e
a
 
o
n
 
he
rm
et
ic
al
ly
 
s
e
a
le
d 
c
a
pa
ci
to
rs
, 
Ca
re
fu
l 
c
o
n
tr
ol
 o
f 
c
r
it
ic
al
 
le
ad
 w
e
ld
 s
c
he
du
le
, 
th
ic
ke
r 
s
il
ve
r 
c
a
n
 b
ot
to
m.
 
Us
e 
o
f 
he
rm
et
ic
 c
a
pa
ci
to
rs
 
ha
vi
ng
 f
ul
ly
 a
n
o
di
ze
d 
a
n
o
de
 r
is
er
 t
hr
ou
gh
 t
he
 
s
e
a
l 
a
n
d 
e
x
te
rn
al
 n
ic
ke
l 
le
ad
 a
tt
ac
hm
en
t.
 
Us
e 
o
f 
hi
gh
 p
ur
it
y 
s
ta
rt
- 
in
g 
ta
nt
al
um
 p
ow
de
r 
a
n
d 
ha
nd
li
ng
 t
o 
a
v
o
id
 c
o
n
-
 
ta
mi
na
ti
on
. 
Im
pr
ov
ed
 p
ro
ce
ss
 
c
o
r
~
tr
ol
 
to
 m
in
im
iz
e 
ha
nd
li
p-
g 
da
ma
ge
. 
Ox
id
e 
De
fe
ct
s 
Si
lv
er
 D
e
po
si
- 
t
io
n 
o
n
 A
no
de
 
Si
lv
er
 D
en
dr
it
es
 
M
e
c
ha
ni
ca
l 
D
e
fe
ct
 
Bi
nd
er
 o
r
 
di
e 
im
pu
ri
ti
es
 o
n
 
s
in
te
re
d 
pe
ll
et
. 
H
a
n
dl
in
g 
da
ma
ge
 d
ur
in
g 
a
n
o
di
za
ti
on
 p
ro
ce
ss
es
 
a
n
d 
a
s
s
e
m
bl
y.
 
N
E
T
H
OD
 T
O 
MC
NI
KZ
ZE
 O
R 
EL
IM
IN
AT
E 
CA
US
E 
DE
SC
RI
PT
IO
N/
CA
US
E 
Cr
ys
ta
ll
in
e 
t
a
n
t
a
lu
m 
pe
nt
ox
id
e.
 
DE
TE
CT
IO
N 
ME
TH
OD
 
R
e
v
e
r
s
e
 v
o
l 
c
a
pa
ci
to
r.
 
H
ig
h 
le
ak
ag
e 
c
u
r
r
e
n
t
s
 o
r
 
o
u
tl
ie
r 
le
ak
ag
e 
c
u
r
r
e
n
ts
. 
T
e
m
pe
ra
tu
re
 c
yc
li
ng
, 
bu
rn
-i
n,
 s
u
r
ge
 t
es
t.
 
H
ig
h 
le
ak
ag
e 
c
u
r
r
e
n
t
s
 o
r
 
o
u
t
li
er
 l
ea
ka
ge
 c
u
r
r
e
n
ts
. 
T
e
m
pe
ra
tu
re
 c
yc
li
ng
, 
bu
rn
-i
n,
 s
u
r
ge
 t
es
t.
 
H
ig
h 
le
ak
ag
e 
c
u
r
r
e
n
t
s
 o
r
 
o
u
t
li
er
 l
ea
ka
ge
 c
u
r
r
e
n
ts
. 
T
e
m
pe
ra
tu
re
 c
yc
li
ng
, 
,
 
bu
rn
-i
n,
 s
u
r
ge
 t
es
t.
 
H
ig
h 
le
ak
ag
e 
c
u
r
r
e
n
t
 
R
e
v
e
r
s
e
 v
o
lt
ag
e 
o
n
 
c
a
pa
ci
to
r.
 
H
ig
h 
le
ak
ag
e 
c
u
r
r
e
n
t
,
 
lo
we
r 
E
SR
, 
s
ho
rt
 
c
ir
cu
it
. 
Pr
op
er
 b
in
de
r 
c
o
m
po
si
ti
-o
n 
to
 p
ro
vi
de
 d
ie
 l
ub
ri
ca
- 
ti
on
 a
n
d 
th
or
ou
gh
 r
e
m
o
v
a
l 
o
f 
bi
nd
er
 i
n 
pr
e-
si
nt
er
- 
in
g .
 
I
m
pr
ov
ed
 p
ro
ce
ss
 
c
o
n
t
r
c
l 
to
 m
in
im
iz
e 
ha
nd
li
ng
 
da
ma
ge
. 
P
r
o
c
e
s
s
in
g 
t
o
 a
v
o
id
 s
u
r
-
 
fa
ce
 i
rr
eg
ul
-a
ri
ti
es
 
c
a
u
s
in
g 
hi
gh
 f
ie
ld
s,
 
m
in
im
iz
at
io
n 
o
f 
c
o
n
ta
rn
in
a-
 
t
io
n 
w
hi
ch
 s
e
r
v
e
s
 
a
s
 
n
u
c
le
at
io
n 
s
it
es
. 
A
pp
li
ca
ti
on
 m
u
s
t 
in
su
rc
 
v
o
lt
ag
e 
is
 n
e
v
e
r
 
r
e
-
 
v
e
r
s
e
d 
du
ri
ng
 u
s
e
 
o
r
 
te
st
. 
M
in
im
iz
e 
r
ip
pl
e 
c
u
r
r
e
n
t.
 
Us
e 
o
f 
de
si
gi
is
 
u
t
il
iz
in
g 
ti
ta
ni
um
 o
r
 
t
a
n
t
a
lu
m 
c
a
s
e
s
.
 
Vo
lt
ag
e 
m
u
s
t
 n
e
v
e
r
 
be
 r
e
-
 
v
e
r
s
e
d.
 
Us
e 
o
f 
de
si
gn
s 
u
t
il
iz
in
g 
ti
ta
ni
um
 o
r
 
t
a
n
t
a
lu
m 
c
a
s
e
s
.
 
Wa
rp
ed
 
s
lu
gs
, 
s
lu
gs
 c
o
c
ke
d 
in
 
R
a
di
og
ra
ph
ic
 i
ns
pe
ct
io
n.
 
Im
pr
ov
ed
 p
ro
ce
ss
 
c
o
n
tr
ol
 
c
a
s
e
,
 
c
a
n
te
d 
s
e
a
ls
, 
be
nt
 o
r
 
im
pr
op
er
 l
en
gt
h 
r
is
er
s,
 e
tc
. 
T h i s  was t r a c e d  t o  overet-ching of- t h e  seals i n  a p r o c e s s  of remov- 
i n g  s i l i c a  from t h e  t an ta lum l e a d s ,  The e t c h i n g  weakened t h e  
s e a l  and a l lowed mechanical  and t h e r m a l  s t r e s s e s  t o  f r a c t u r e  t h e  
g l a s s ,  There may b e  a  c o n s i d e r a b l e  t i m e  l a g  between t h e  occur-  
r e n c e  of a  seal  f a i l u r e  and t h e  appearance  o f  e l e c t r o l y t e .  I f  
f r a c t u r i n g  o c c u r s  from tempera tu re ,  t h e  s e a l  may remain t i g h t ,  
as g l a s s  h a s  a h i g h e r  c o e f f i c i e n t  of expans ion  and t h e  c r a c k s  
a r e  under compress ion.  The c r a c k s  may open up complete ly  o r  
r e t u r n  t o  a lower t empera tu re  a t  a  l a t e r  t i m e ,  I f  t h e  h e r m e t i c  
seal i s  p r o p e r l y  made, e l e c t r o l y t e  l e a k a g e  s h o u l d  b e  e l i m i n a t e d .  
Although t h e  h e r m e t i c a l l y  s e a l e d  c a p a c i t o r  w i l l  a l l e v i a t e  t h e  s e a l  
l e a k a g e ,  ca thode  l eakage  of e l e c t r o l y t e  a t  t h e  l e a d  weld h a s  a l s o  
o c c u r r e d .  Where n i c k e l  l e a d  w i r e s  aie r e q u i r e d ,  r e l i a b l e  welds  
a r e  e a s i l y  made t o  t h e  anode t a n t a l u m  riser. The ca thode  l e a d  
weld t o  t h e  s i l v e r  c a s e  i s  a n o t h e r  m a t t e r .  Preformed l e a d s  are 
r e q u i r e d  and t h e  weld s c h e d u l e  i s  c r i t i c a l  i n  r e g a r d  t o  h e a t ,  
t h e ,  a.nd p r e s s u r e .  The n i c k e l  l e a d  h a s  a  tendency t o  p e n e t r a t e  
t h e  s i l v e r  c a s e ,  and a  v e r y  t h i n  l a y e r  of s i l v e r  may b e  s e p a r a t -  
i n g  t h e  l e a d  from t h e  e l e c t r o l y t e .  The n i c k e l  i s  r e a d i l y  s u s -  
ceptib1.e t o  a t t a c k  from t h e  s u l f u r i c  a c i d ,  which may r e a c h  t h e  
l e a d  a long  g r a i n  b o u n d a r i e s .  Copper l e a d s  are v e r y  compat ible  
w i t h  s i l v e r  and can be a t t a c h e d  by a u t o m a t i c  w e l d e r s  u t i l i z i n g  
w i r e  s p o o l  f e e d s  v e r y  r e l i a b l y .  Th icker  s i l v e r  can bot toms and 
c a r e f u l  c o n t r o l  of t h e  we ld ing  p r o c e s s  i s  r e q u i r e d  f o r  n i c k e l  
l e a d e d  wet t a n t a l u m  c a p a c i t o r s .  
Electr ical  Leakage - Oxide d e f e c t s  appear  t o  b e  a  major c o n t r i b u -  
t o r  t o  h i g h  e l e c t r i c a l  l eakage .  It is  g e n e r a l l y  assumed t h a t  de- 
f e c t s  o r i g i n a t e  a t  s i t e s  where a minute  i m p u r i t y  i s  p r e s e n t  e i t h e r  
on t h e  s u r f a c e  o r  j u s t  under t h e  s u r f a c e .  Apparent ly  t h e  s i n t e r -  
i n g  p r o c e s s  s e r v e s  t o  reduce t h e  s u r f a c e  i m p u r i t i e s .  E f f o r t s  a r e  
made t o  use  ve ry  p u r e  t an ta lum a s  s t a r t i n g  m a t e r i a l .  When two 
f i n i s h e d  anode s l u g s  a r e  rubbed t o g e t h e r  p r i o r  t o  a n o d i z a t i o n ,  
d e f e c t s  a re  p r o f u s e l y  produced i n  t h e  end p r o d u c t .  These d e f e c t s  
are more pronounced i n  t h e  r e g i o n s  of a b r a s i o n s  where t h e r e  are 
no s h a r p  peaks .  Thus, a b r a s i o n s  appear  t o  expose i m p u r i t i e s  
which,  a f t e r  a n o d i z a t i o a ,  produce d e f e c t  s i t e s .  High f i e l d  s p o t s  
(peaks ,  i r r e g u l a r i t i e s ,  e t c  .) promote t h e  t r a n s f o r m a t i o n  of 
amorphous Ta205 t o  c r y s t a l l i n e  Ta205. It h a s  been proposed t h a t  
i m p u r i t i e s  can  a c t  a s  n u c l e a t i o n  s i t e s  f o r  g e n e r a t i o n  of c r y s t a l -  
l i n e  Ta2G5, The c r y s t a l l i n e  form i s  more conduc t ive  t h a n  t h e  
amorphous forrn and behaves Like a  d e f e c t  e x c e p t  t h a t  t h e  c r y s t a l -  
l i n e  form may s p r e a d  t o  a d j a c e n t  a x e a s ,  Sources  of con tamina t ion  
wh ich  may con t r i .bu te  t o  d e f e c t  s i t e s  a r e  i n h e r e n t  i n  t h e  manufac- 
tur i .ng p r o c e s s e s .  F i r s t ,  i.-% is  d e s i r a b l e  t h a t  t h e  s t a r t i n g  mate- 
rial h e  of  h i g h  purity, The b i n d e r s  which a r e  used t o  form t h e  
p e l l e t s  a l s o  s e r v e  L O  l u b r i c a t e  t h e  d i e ,  and t h e i r  removal i n  pre-  
s i n t e r i n g  must b e  performed c a r e f u l l y  t o  minimize p o s s i b l e  con- 
t a m i n a t i o n  w i t h  carbon.  Bes ides  b i n d e r  r e l a t e d  i m p u r i t i e s ,  t h e  
t r a n s f e r  and pickup of i m p u r i t i e s  from t h e  d i e  material i t s e l f  
occurs  due t o  wear and a r e  n o t  r e a d i l y  removed i n  t h e  s i n t e r i n g  
s t e p .  These  may l e a d  t o  l a s t i n g  con tamina t ion  of t h e  o u t e r  s u r -  
f a c e  of t h e  s i n t e r e d  anode.  During s i n t e r i n g ,  t h e  p e l l e t s  are 
u s u a l l y  s t a c k e d  i n  c r u c i b l e s ,  which causes  a d e g r e e  o f  s i n t e r i n g  
between p e l l e t s  and between p e l l e t s  and t h e  c r u i c i b l e  w a l l  (Ref- 
e r e n c e  2) . T h i s  bond h a s  t o  b e  broken f o r c i b l y  a f t e r  s i n t e r i n g  
w i t h  t h e  consequence of some p h y s i c a l  damage t o  most anodes . I n  
some c a s e s  t h e  anode l e a d s  are p r e s s e d  i n t o  t h e  p e l l e t  b e f o r e  
s i n t e r i n g  and o t h e r  manufac tu re r s  weld t h e  t a n t a l u m  l e a d  t o  t h e  
p e l l e t  a f  t e r  s i n t e r i n g .  No problem h a s  been  n o t e d  f o r  e i t h e r  
method of l e a d  a t t achment  t o  t h e  p e l l e t  (Refe rence  6)  . A f t e r  
s i n t e r i n g  , a l l  o p e r a t i o n s  r e q u i r e  t h a t  t h e  p e l l e t s  b e  suspended 
from t h e i r  l e a d s  f o r  a n o d i z a t i o n  and t h a t  each anode b e  connected 
t o  a  power s o u r c e .  The l e a d s  a r e  commonly s p o t  welded t o  f i x -  
t u r e s  which e n a b l e  b a t c h  p r o c e s s i n g  e i t h e r  manually o r  at vary-  
i n g  d e g r e s s  o f  mechanizat ion.  The f i x t u r i n g  s t e p  i s  a manual 
o p e r a t i o n  which r e q u i r e s  h a n d l i n g  of each p e l l e t  a g a i n  w i t h  t h e  
p o s s i b i l i t y  o f  p h y s i c a l  damage. A f t e r  a n o d i z a t i o n ,  t h e  p e l l e t s  
must be  removed from t h e  f i x t u r e s  and a g a i n  hand led  i n d i v i d u a l l y .  
C a r e f u l  i n s e r t i o n  i n  t h e  can is  r e q u i r e d  t o  avo id  a b r a s i o n  a g a i n .  
I n  some c a s e s  (Reference 8 ) ,  warped anodes have been n o t e d  i n  t h e  
f i n i s h e d  p roduc t .  The t a n t a l u m  riser l e a d  must a l s o  b e  trimmed 
and t h e  e x t e r n a l  anode l e a d  welded t o  t h e  riser. The complex 
and c r i t i c a l  p rocedures ,  w i t h  t h e  many h a n d l i n g  s t e p s ,  a l l  con- 
t r i b u t e  t o  s o u r c e s  of con tamina t ion  and d e f e c t s  i n  an  e r r a t i c  
and u n p r e d i c t a b l e  manner. Batch t o  b a t c h  v a r i a t i o n s ,  a s  w e l l  a s  
r a t h e r  wide  v a r i a t i o n s  of e l e c t r i c a l  pa ramete rs  i n  a given b a t c h ,  
can r e a d i l y  o c c u r ,  I n  Reference 7 ,  v i s u a l  ev idence  of t h e  harm 
which can r e s u l t  from improper h a n d l i n g  of t h e  anodized p e l l e t  
h a s  been demonstra ted.  Anodized p e l l e t s  w e r e  purpose ly  damaged 
by s t r i k i n g  one a g a i n s t  t h e  o t h e r  and t h e n  immersing t h e  samples 
i n t o  a  copper  s a l t  s o l u t i o n  and a p p l y i n g  a  c a t h o d i c  p o t e n t i a l .  
Copper m e t a l  p l a t e d  o u t  p r e f e r e n t i a l l y  on t h e  damaged a r e a  s i n c e  
i t  was t h e  s i t e  of h i g h  l eakage  c u r r e n t s .  Photographs were t a k e n ,  
t h e  copper removed by d i s s o l v i n g  i n  n i t r i c  a c i d ,  and t h e  p e l l e t s  
p rocessed  i n t o  f i n i s h e d  c a p a c i t o r s  of t h e  s o l i d  t y p e .  S u f f i c i e n t  
c u r r e n t  was allowed t o  pass  t o  cause  d i s c o l o r a t i o n  of t h e  t a n t a -  
lum ox ide .  Ana lys i s  of t h e  u n i t s  purposely  damaged r e v e a l e d  t h e  
f a i l u r e  s i t e  Lo correspond e x a c t l y  t o  t h e  a r e a  on which t he  cop- 
p e r  h a d  plat.ed, 
i n  ~ e f p f c n c e  8, i he  i n t e g r i ~ y  of t h e  t a n t a l u m  oxidn d j e l e c t r i c  
was irrves t i g a t e d  i n  a s i m i l a r  manner w i t h  e l e c t r o c h e m i c a l  methods.  
One of L h ~  more s u c c e s s f u l  methods was t h e  a n o d i c  d e p o s i t i o n  
method u s i n g  berlzedrine l iydroch lor ide  e l e c t r o l y t e ,  The p e l l e t  
i s  o p e r a t e d  i n  t h i s  s o l u t i o n  f o r  a few minutes  and then  examined 
f o r  b l a c k  r e a c t i o n  p r o d u c t s  of t h e  b e n z e d r i n e  on t h e  s l u g  s u r f a c e .  
Again, d e l i b e r a t e l y  s c r a t c h e d  o r  damaged p e l l e t s  showed t h e  r e -  
a c t i o n  p roduc t  a t  t h e  damage s i t e s ,  d e f i n i t e l y  i n d i c a t i n g  t h a t  
t h e s e  were s i t e s  of h i g h  l eakage  c u r r e n t .  S e l f - h e a l i n g  e x p e r i -  
ments have shown t h a t  t h e  p resence  of s i l v e r  o r  copper i o n s  i n  
t h e  e l e c t r o l y t e  p l a y  no s i g n i f i c a n t  r o l e  i n  de te rmin ing  t h e  r a t e  
a t  which an ox ide  d e i e c t  h e a l s .  However, where t h e s e  m e t a l s  were  
i n t e n t i o n a l l y  p l a t e d  on to  t h e  anodes ,  t h e  t ime  r e q u i r e d  t o  h e a l  
d e f e c t s  was i n c r e a s e d .  Not a l l  t h e  s i l v e r  on t h e  anode had t o  b e  
d e p l a t e d  b e f o r e  h e a l i n g  could  proceed.  Apparen t ly ,  j u s t  t h e  
s i l v e r  i n  t h e  d e f e c t  a r e a  of t h e  ox ide  needed t o  b e  d e p l a t e d .  
E r r a t i c  h e a l i n g  s u r g e s  were  no ted  d u r i n g  t h e  d e p l a t i n g  even 
though a v a i l a b l e  c u r r e n t  was l i m i t e d .  On a  well-formed d e f e c t -  
f r e e  p e l l e t ,  t h e  s i l v e r  adheres  p o o r l y  t o  t h e  o x i d e ,  However, 
good adherence is  observed on a d e f e c t  a r e a ,  Very s m a l l  amounts 
of r e v e r s e  b i a s  can cause  s i l v e r  t o  p l a t e  o n t o  t h e  t an ta lum o x i d e .  
I n  one example,  s i l v e r  was v i s i b l e  a f t e r  exposure  t o  0 . 3  m i l l i -  
v o l t s  ~ O L  150 h o u r s ,  
I n  Reference 9 ,  r i p p l e  l i f e  t e s t s  showed t h a t  s i l v e r  d e p o s i t s  
occur  oil b o t h  t h e  anode and t h e  s i l v e r  c a s e  ca thode  even w i t h o u t  
r e v e r s e  b i a s  v o l t a g e .  The d e p o s i t s  a r e  unli lce t h e  l a r g e  whislcers 
which r e s u l t  from n e g a t i v e  anode b i a s .  I t a p p e a r e d  t h a t  t h e  mere 
p resence  of s i l v e r  on t h e  anode does n o t  a u t o m a t i c a l l y  l e a d  t o  
h i g h e r  l eakage  c u r r e n t s .  However, i t  i s  u n c l e a r  what t h e  long- 
term e f f e c t s  OF l a r g e  r i p p l e  c u r r e n t s  and anode s i l v e r  d e p o s i t s  
a r e .  A s  i t  i s  c l e a r  t h a t  r e v e r s e  b i a s  s i l v e r  d e p o s i t s  a r e  
d e f i n i t e l y  a r e l i a b i l i t y  h a z a r d ,  i t  appears  t h a t  r i p p l e  c u r r e n t  
shou ld  a l s o  b e  l i m i t e d  t o  p r e v e n t  anode s i l v e r  d e p o s i t s  u n t i l  
t h e  long- te rm e f f e c t s  a r e  unders tood .  
Shorts - S i l v e r  i o n s  i n  t h e  e l e c t r o l y t e  w i l l  m i g r a t e  through t h e  
e l e c t r o l y t e  and p l a t e  o u t  on t h e  ox ide  p r e f e r e n t i a l l y  a t  ox ide  
d e f e c t s ,  A f t e r  t h e  d e f e c t  i s  c o a t e d ,  p l a t i n g  w i l l  s t i l l  t end  
toward t h e  h i g h  c o n d u c t i v i t y  s i t e  and d e n d r i t e s  w i l l  form extend-  
i n g  ou t  i.nto t h e  e l e c t r o l y t e ,  These d e n d r i t i c  b r i d g e s  promote 
s h o r t i n g  of the capac j - to r  i n  two ways, In t h e  f i r s t  c a s e ,  when a 
breakdown i s  : init : iated a t  d e f e c t s  which axe coa ted  wi th  s i l v e r ,  
t h e  silver itlay b r i d g e  the oxide  and s h o r t  the t a n t a l u r n  t o  t h e  
e l e c t r o i y  t:e, Since silver does n o t  anodize, t h e  s h o r t  i s  a 
permanent one. Second, t h e  e f f e c t  i s  a  t ype  of boo t s t r ap  opera- 
t i o n  i n  t h a t  t h e  d e n d r i t e  reduces t h e  s e r i e s  r e s i s t a n c e  of t h e  
e l e c t r o l y t e  and inc reases  t h e  leakage c u r r e n t .  The reduced 
e l e c t r o l y t e  r e s i s t a n c e  lowers t h e  appl ied  vo l t age  a t  which break-  
down i n  t h e  oxide occurs .  I n  t h e  extreme case ,  a s  r epo r t ed  i n  
A le r t  MSFC-70-13B, t h e  s i l v e r  d e n d r i t e  may reach t h e  s i l v e r  can 
producing d i r e c t  contac t  between t h e  s l u g  and cathode. Severa l  
cons t ruc t ion  v a r i a t i o n s  have been developed t o  e l imina te  t h i s  
e f f e c t .  I n  Reference 10 ,  a  p l a t i n i z e d  gold cathode device  i s  
d iscussed .  It i s  s t a t e d  t h a t  such devices ,  us ing  cases  drawn 
from gold-clad s i l v e r ,  w i l l  t o l e r a t e  up t o  one v o l t  r e v e r s e  b i a s  
f o r  extended periods of t ime.  C a t a l y t i c  recombination of most of 
t h e  hydrogen and oxygen r e l eased  under t h i s  r eve r se  b i a s  condi- 
t i o n  i s  s t a t e d  t o  occur i n  t h i s  design.  The e l e c t r i c a l  charac- 
t e r i s t i c s  a r e  s i m i l a r  t o  capac i to r s  wi th  p l a t i n i z e d  s i l v e r  cath-  
odes.  I n  Reference 11, t h e  s i l v e r  cathode has been e l imina ted  
a l t o g e t h e r  by using t i t an ium case metal .  The t i t an ium and t h e  
m a t e r i a l  used f o r  cathode capaci tance do n o t  p l a t e  o u t ,  there-  
f o r e ,  t h e  s h o r t i n g  mechanism caused by s i l v e r  d e n d r i t i c  growth i s  
e l imina ted .  The capac i to r  i s  s t a t e d  t o  be  capable of r eve r se  
vo l t age  appl ied  cont inuously a t  1.0 t o  1.5 v o l t s .  
Another type  of s h o r t  i s  a s soc i a t ed  wi th  l eak ing  e l e c t r o l y t e .  I f  
t h e  s e a l  i s  leaking ,  t h e  conductive e l e c t r o l y t e  can b r idge  t h e  
g l a s s  between t h e  anode lead  and case  causing a  s h o r t .  I n  some 
des igns ,  l eak ing  e l e c t r o l y t e  between t h e  elastomer and t h e  g l a s s  
s e a l  can cause t h e  same e f f e c t  without  evidencing e x t e r n a l  leak-  
age.  Sea l ing  t h e  tantalum r i s e r  d i r e c t l y  t o  t h e  g l a s s  e l imina te s  
t h i s  p o s s i b i l i t y ,  
c. Solid TantaZwn Capacitor Fai Zure Modes - High e l e c t r i c a l  l eak-  
age c u r r e n t s ,  open and s h o r t  c i r c u i t s ,  and i n c r e a s e  i n  d i s s i p a t i o n  
f a c t o r  have been t h e  major problems a s soc i a t ed  wi th  s o l i d  tantalum 
c a p a c i t o r s .  Increases  i n  d i s s i p a t i o n  f a c t o r  a r e  genera l ly  due t o  
i nc reases  i n  equiva len t  s e r i e s  r e s i s t a n c e  (ESR),  bu t  occas iona l ly  
an inc rease  i n  capac i tance  may occur a l s o .  Table 2 summarizes 
t h e  var ious  f a i l u r e  mechanisms f o r  s o l i d  tantalum capac i to r s ,  a  
d e s c r i p t i o n  and cause of t h e s e  mechanisms, method of d e t e c t i n g  
t h e  d e f e c t s ,  and methods t o  minimize o r  e l imina te  t h e  cause of 
t h e s e  d e f e c t s  . 
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f l  i,e&a_qe Carrent -- Increases  i n  l e a k a g e  c u r r e n t  a r e  u s u a l l y  
a s s o c i a t e d  w i t h  d e f e c t  s i t e s  i n  t h e  d i e l e c t r i c .  I n  Refe rence  5 ,  
i t  i s  shown t h a t  w i t h  low c i r c u i t  r e s i s t a n c e ,  c a p a c i t o r s  f a i l e d  
c a t a s t r o p h i c a l l y  a t  breakdown. The v o l t a g e  was d e l i b e r a t e l y  i n -  
c r e a s e d  t o  breakdown l e v e l s .  However, w i t h  t h e  c u r r e n t  l i m i t e d  
w i t h  a  100-ohm r e s i s t o r  ( c u r r e n t  l e s s  t h a n  two amperes) t h e  
c a p a c i t o r s  a p p a r e n t l y  h e a l e d  themselves  by t h e  p r o d u c t i o n  of lower 
forms of manganese ox ide .  When t h e  v o l t a g e  was a g a i n  i n c r e a s e d  
t o  brealcdown, t h e  l e v e l  w a s  found t o  have  s i g n i f i c a n t l y  i n c r e a s e d ,  
i n d i c a t i n g  t h a t  t h e  d i e l e c t r i c  s t r e n g t h  was improved. However, 
s i g n i f i c a n t  i n c r e a s e s  i n  Leakage c u r r e n t  a t  r a t e d  v o l t a g e  occur red  
a f t e r  each breakdown. The i n c r e a s e d  l eakage  i s  a t t r i b u t e d  t o  t h e  
p l u g  of MnO formed a t  t h e  breakdown s i t e .  Although i t  h a s  a h i g h e r  
r e s i s t i v i t y  t h a n  t h e  Mn02 from which i t  was d e r i v e d ,  i t  h a s  a much 
lower  r e s i s t i v i t y  t h a n  t h e  t an ta lum ox ide .  Also ,  under t h e  t e s t  
c o n d i t i o n s  used ,  a p p a r e n t l y  s u f f i c i e n t  energy  was p rov ided  t o  
c a u s e  p ropaga t ion  of f l aws  i n  t h e  d i e l e c t r i c  under subsequen t  
breakdowns. S c i n t i l l a t i o n  o r  f l i c k e r  a s  observed i n  normal  s e r v -  
i c e  of s o l i d  c a p a c i t o r s  i s  t h e  o p e r a t i o n  of t h i s  same phenomenon. 
The amount of h e a l i n g  o r  damage o c c u r r i n g  d u r i n g  s c i n t i l l a t i o n  i s  
a  f u n c t i o n  of a p p l i e d  v o l t a g e ,  t e m p e r a t u r e ,  l i m i t i n g  c i r c u i t  r e -  
s i s t a n c e ,  and c a p a c i t o r  s i z e .  F i g u r e  6 i l l u s t r a t e s  t h e  p o s s i b l e  
changes i n  l e a k a g e  c u r r e n t  o c c u r r i n g  from s c i n t i l l a t i o n .  
C, ------------.I,.s-o.. Case 1, Leakage I n c r e a s e  
5 
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The c a p a c i t o r  may e x h i b i t  a n  i n c r e a s e ,  a d e c r e a s e ,  no change,  o r  
go c a t a s t r o p h i c .  I n  Reference 7 ,  i t  i s  s t a t e d  t h a t  w i t h  t h e  
s e r i e s  l i m i t i n g  r e s i s t a n c e  v a l u e  of t h r e e  ohms p e r  v o l t ,  c a t a s -  
t r o p h i c  f a i l u r e s  are v i r t u a l l y  e l i m i n a t e d ,  b u t  t h e  l e a k a g e  cur-  
r e n t  can i n c r e a s e  on s u c c e s s i v e  s c i n t i l l a t i o n s .  The i d e a l  s i t u -  
a t i o n  would b e  t o  supp ly  j u s t  s u f f i c i e n t  energy t o  t h e  d e f e c t  
s i t e  t o  accomplish h e a l i n g  w i t h o u t  g e n e r a t i n g  more damage. I n  
Reference 1 2 ,  i t  i s  shown t h a t  t empera tu res  a t  t h e  d e f e c t  s i t e  
must b e  i n  excess  of 6 0 0 ' ~  t o  a c h i e v e  p r o p e r  h e a l i n g .  The 
manganese d i o x i d e  showed a n e g a t i v e  t empera tu re  c o e f f i c i e n t  of 
r e s i s t i v i t y  below t h i s  t empera tu re  and a p o s i t i v e  c o e f f i c i e n t  
above t h i s  t empera tu re .  The r e s i s t i v i t y  changes are permanent 
once t h e  t empera tu res  are reached  and r e a c t i o n s  a l lowed t o  o c c u r .  
The i n v e s t i g a t i o n  was performed t o  de te rmine  a method of  supp ly-  
i n g  minimum energy t o  f a u l t  s i tes and reduce  l eakage  c u r r e n t s  t o  
a c c e p t a b l e  v a l u e s  i n  t h i n  f i l m  t a n t a l u m  c a p a c i t o r s .  An approach 
of s lowly  i n c r e a s i n g  t h e  a p p l i e d  v o l t a g e  w h i l e  r a p i d l y  and con- 
t i n u o u s l y  c y c l i n g  26 c u r r e n t  l i m i t i n g  r e s i s t o r s  was used.  T h i s  
approach p r o v i d e s  a  v a s t  number of power l e v e l s  f o r  c l e a r i n g  
f a u l t s ,  and presumably c  l e a r i n g  w i l l  occur  at optimum l e v e l s  w i t h -  
o u t  damaging t h e  d i e l e c t r i c  f u r t h e r .  M u l t i p l e  c l e a r i n g s  commonly 
occur ,  i n d i c a t i n g  e i t h e r  m u l t i p l e  d e f e c t  s i tes o r  more t h a n  one  
c l e a r i n g  of a  s i n g l e  s i t e  o c c u r r i n g .  It i s  i n t e r e s t i n g  t o  n o t e  
t h a t  c l e a r i n g  c u r r e n t s  i n  t h i s  p a r t i c u l a r  product  were as low as 
20 microamperes and ranged t o  300 m i l l i a m p e r e s .  As t h e s e  l e v e l s  
presumably were  capab le  of g e n e r a t i n g  t empera tu res  g r e a t e r  t h a n  
600°C, i t  i s  very p robab le  t h a t  f a u l t  p r o p a g a t i o n  t empera tu re  
l e v e l s  cou ld  e a s i l y  b e  reached i n  normal  s e r v i c e  where on ly  a 
s i n g l e  power l e v e l  determined by t h e  c i r c u i t  c o n f i g u r a t i o n  i s  
a v a i l a b l e .  Also,  t h e  c a p a c i t o r  i t s e l f  i s  a  s o u r c e  of energy which 
could  c o n t r i b u t e  t o  h e a l i n g  o r  p o s s i b l y  damage. I n  Reference 1 3 ,  
i t  i s  n o t e d  t h a t  t h e  energy i n  a 35-vo l t ,  6 . 8  mic rofa rad  c a p a c i t o r  
may b e  i n  e x c e s s  of observed s c i n t i l l a t i o n  e n e r g i e s ,  
An adequa te  uniform t h i c k n e s s  of Mn02 i s  a l s o  a p p a r e n t l y  n e c e s s a r y  
t o  prevent. i n c r e a s e  i n  l eakage  c u r r e n t .  I n  Reference 6 ,  i t  i s  
p o i n t e d  o u t  t h a t  when t h e  Mn02 l a y e r  i s  v e r y  t h i n  o r  when, equiv-  
a l e n t l y ,  t h e  s i l v e r  p a i n t  p e n e t r a t e s  t h e  Mn02, e f f e c t i v e  h e a l i n g  
i s  u n l i k e l y  a t  t h e s e  l o c a t i o n s .  Th i s  c o n d i t i o n  h a s  been found t o  
b e  assoc ia . t ed  w i t h  many f a i l u r e s  of c a p a c i t o r s  due t o  h i g h  l e a k -  
age ,  In view of t h i s  d i s c u s s i o n ,  i t  may b e  expec ted  t h a t  capac i -  
t o r s  w i t h  few d e f e c t s  i n  t h e  t an ta lum o x i d e ,  w i t h  adequa te  Mn02 , 
and w i t h  p r o p e r  aquadag, s i l v e r  p a i n t ,  and s o l d e r  connec t ion  t o  
t h e  c a s e ,  would h e a l  themselves  i n  t ime .  The s c i n t i l l a t i o n s  shou ld  
cease  and ,  w i t h  p r o p e r  c u r r e n t  l i m i t i n g ,  t h e  l eakage  c u r r e n t  shou ld  
d e c r e a s e ,  However, s o l i d  c a p a c i t o r s  i n  b o t h  o p e r a t i n g  and dormant 
c o n d i t i s n s  are  a p p a r e n t l y  undergoing some g r a d u a i  i n t e r n a i  change 
which i s  n o t  f u l l y  unders tood .  Thus ,  a f t e r  p e r i o d s  of dormancy, 
p a r t s  t aken  o f f  the s h e l f  e x h i b i t  h i g h e r  l e a k a g e  c u r r e n t s  a s  r e -  
p o r t e d  i n  LDEP Report  No. 347.20.00.00-S6-02. Here i t  is  r e p o r t e d  
t h a t  40 c a p a c i t o r s  e x h i b i t e d  h i g h  dc l eakage  a f t e r  f i v e  y e a r s  of 
s h e l f  l i f e .  Even under  o p e r a t i n g  c o n d i t i o n s ,  c a p a c i t o r s  may r e -  
main s t a b l e  f o r  thousands  of hours  and suddenly e x h i b i t  s c i n t i l -  
l a t i o n  which may p r e c i p i t a t e  a  c a t a s t r o p h i c  f a i l u r e  o r  i n c r e a s e  
in  l e a k a g e  c u r r e n t .  
The e f f e c t  of m o i s t u r e  on l e a k a g e  c u r r e n t  i s  u s u a l l y  n e g l i g i b l e .  
Ln Refe rence  4 ,  i t  i s  r e p o r t e d  t h a t  u n i t s  have been  o p e r a t e d  i n  
w e t  a i r  f o r  s e v e r a l  months w i t h  no change.  I n  Reference 3 ,  un- 
cased u n i t s  were exposed t o  50% r e l a t i v e  humidi ty  a i r  a t  room 
tempera tu re  and were a l s o  immersed i n  w a t e r .  The r e s u l t s  w e r e  
n o t  uniform,  w i t h  most c a p a c i t o r s  showing no s i g n i f i c a n t  change,  
b u t  some showing a  l eakage  c u r r e n t  i n c r e a s e .  I t  i s  p o s t u l a t e d  
t h a t  t h e  l eakage  c u r r e n t  i n c r e a s e  i s  caused by r e s i d u a l  unpyro- 
l i z e d  manganese n i t r a t e  which i s  i o n i z e d  by t h e  w a t e r .  Thus, 
m o i s t u r e  would n o t  s i g n i f i c a n t l y  a f f e c t  a  u n i t  where p y r o l y s i s  is  
complete.  
2) ShorLs - When i n s u f f i c i e n t  c i r c u i t  s e r i e s  r e s i s t a n c e  a l l o w s  
l a r g e  power s u r g e s  t o  occur  d u r i n g  s c i n t i l l a t i o n ,  g r o s s  J o u l e  
h e a t i n g  can occur  a t  t h e  breakdown s i t e  and f u s e  t h e  t a n t a l u m  s o  
t h a t  a  m e t a l l i c - l i k e  agglomerate  s h o r t s  t h e  d i e l e c t r i c .  Loca l  
t empera tu res  may reach  3000°C,  A t  t imes  t h e  con t inued  a p p l i c a -  
t i o n  of power under t h i s  s h o r t e d  c o n d i t i o n  may f u r t h e r  h e a t  t h e  
c a p a c i t o r  t o  mel t  t h e  s o l d e r  which t h e n  can f low and c r e a t e  f u r -  
t h e r  s h o r t s .  
Excess ive  h e a t  appLied d u r i n g  c i r c u i t  assembly o p e r a t i o n s  h a s  a l s o  
caused soLder re f low which can cause  s o l d e r  b a l l s  o r  s h o r t e d  de- 
v i c e s  from ehe refhow. Excess ive  s o l d e r ,  improper d i s t r i b u t i o n  
i n  t h e  c a n ,  excess f i l l e t  i n  t h e  e y e l e t ,  and improper p o s i t i o n -  
i n g  of Lhe s l u g  car1 a g g r a v a t e  t h e  s i t u a t i o n ,  High t empera tu re  
s o l d e r  s h o u l d  b e  used w i t h i n  t h e  c a p a c i t o r ,  and c a r e f u l l y  con- 
t r o l l e d  assenibl-y o p e r a t i o n s  performed t o  avoid  e x c e s s i v e  h e a t ,  
I n t e r n a l  s o l d e r  conci i t ions  of t h e  s l u g  and t u b e l e t  a r e  e a s i l y  
i n s p e c t e d  b y  X-ray.  A l e r t  MSFC-71-3B d e t a i l s  accep tance  and 
r e j e c t  iori c r i t e r i a  f o r  such X-ray i n s p e c t i o n s .  
3 )  Opens - The c o n d i t i o n s  which c r e a t e  s h o r t s  can a l s o  l e a d  t o  
opens.  For example, t h e  l e a d  w i r e  w i t h i n  t h e  can may f u s e  open 
under s h o r t  c i r c u i t  c o n d i t i o n s .  The main d e f e c t s  l e a d i n g  t o  
opens a r e  poor  welds  from t h e  t an ta lum riser t o  t h e  e x t e r n a l  
l e a d  and poor  s l u g  anchorage t o  t h e  can (Refe rence  6 ) .  Poor 
adhes ion  of t h e  s l u g  t o  t h e  s o l d e r  can b e  caused by t h e  s i l v e r  
d i s s o l v i n g  i n t o  t h e  s o l d e r .  S i l v e r  s o l d e r  s h o u l d  b e  used t o  
p r e v e n t  s i l v e r  m i g r a t i o n .  Low s o l d e r  l e v e l  may r e s u l t  i n  a n  i n -  
t e r m i t t e n t l y  open u n i t .  I f  t h e  canning o p e r a t i o n  is  performed 
a t  t o o  low a  t empera tu re ,  adequa te  w e t t i n g  t o  t h e  s i l v e r  p a i n t  
may n o t  be  ach ieved  which may r e s u l t  i n  an  open c i r c u i t  under 
mechanical  s t r e s s .  The degree  of w e t t i n g  may b e  observed by 
examining t h e  s o l d e r  meniscus i n  X-ray p i c t u r e s .  
4) High Dissipation Factor - High d i s s i p a t i o n  f a c t o r  can b e  
caused by i n c r e a s e s  i n  ESR o r  c a p a c i t a n c e ,  o r  i n c r e a s e s  i n  b o t h .  
Capac i t ance  and ESR b o t h  i n c r e a s e  i n  t h e  p r e s e n c e  of m o i s t u r e  
(Refe rence  7 ) .  The c a p a c i t a n c e  i n  a  humid atmosphere i n c r e a s e d  
u n t i l  i t  approached t h e  v a l u e  o b t a i n e d  i n  an  acqueous e l e c t r o l y t e  
wet check. It is  assumed t h a t  t h e  wet check i n d i c a t e s  t h e  t o t a l  
c a p a c i t a n c e  a v a i l a b l e ,  and t h e  d i f f e r e n c e  between t h e  w e t  and 
d r y  c a p a c i t a n c e  i n d i c a t e s  t h e  a r e a  n o t  covered by Mn02. I n  Ref- 
e r e n c e  3 ,  i t  i s  i n d i c a t e d  t h a t  a  ca thode c a p a c i t a n c e  e x i s t s  i n  t h e  
s o l i d  c a p a c i t o r  and t h a t  t h e  c a p a c i t a n c e  i n c r e a s e  i s  l a r g e l y  due 
t o  an  i n c r e a s e  i n  cathode c a p a c i t a n c e .  The change i n  ESR, and 
t h e r e f o r e  d i s s i p a t i o n  f a c t o r ,  i s  caused by a change i n  r e s i s t a n c e  
of t h e  manganese d i o x i d e ,  The r e s i s t i v i t y  i n c r e a s e s  d r a m a t i c a l l y  
i n  t h e  p r e s e n c e  of m o i s t u r e .  The e f f e c t s  of m o i s t u r e  on t h e  s o l i d  
t an ta lum c a p a c i t o r  a r e  r e v e r s i b l e ,  a s  u n i t s  r e t u r n  t o  t h e i r  o r i g i n a l  
v a l u e s  a f t e r  b e i n g  d r i e d  o u t .  Apparent ly  m o i s t u r e  h a s  no permanent 
damaging e f f e c t s  t o  s o l i d  t an ta lum c a p a c i t o r s .  However, f o r  high- 
e s t  s t a b i l i t y  of c h a r a c t e r i s t i c s ,  a  h e r m e t i c  s e a l  i s  n e c e s s a r y .  
Heat exposure  w i l l  a l s o  i n c r e a s e  d i s s i p a t i o n  f a c t o r s  by i n c r e a s e  
i n  ESR. I n  Reference 1 4 ,  ch ip  components s u b j e c t e d  t o  t empera tu res  
i n  e x c e s s  of 200°C exper ienced  d e t e r i o r a t i o n  of t h e  g r a p h i t e  o r  
s i l v e r  l a y e r s .  I n  h e r m e t i c a l l y  s e a l e d  s o l i d  t a n t a l u m  c a p a c i t o r s  
such t empera tu res  would a l s o  d e t e r i o r a t e  t h e  s o l d e r  i n t e g r i t y .  
A r e v e r s e  b i a s  on a  h e a t e d  t an ta lum c a p a c i t o r  (Reference 7) w i l l  
d e c r e a s e  t h e  e f f e c t i v e  d i e l e c t r i c  t h i c k n e s s  the reby  i n c r e a s i n g  
t h e  capa.citance and t h e r e f o r e  t h e  d i s s i p a t i o n  f a c t o r .  
Poor solder c o n t a c t  be tween  the c a p a c i t o r  and the i n s i d e  of the 
c a n ,  due t o  non-wet t ing  of e i t h e r  the s i l v e r  p a i n t  or t h e  c a n ,  
w i l l  i n c r e a s e  d i s s i p a t i o n  f a c t o r  because  of the high r e s i s t a n c e  
c o n t a c t .  Also,  when t h e r e  i s  f l u x  between t h e  s i l v e r  p a i n t  and 
t h e  s o l d e r ,  t h e  i n c r e a s e d  r e s i s t a n c e  w i l l  c a u s e  a h i g h  d i s s i p a -  
t i o n  f a c t o r ,  p a r t i c u l a r l y  a t  low tempera tu re ,  even i f  a h i g h  
s o l d e r  l e v e l  e x i s t s .  
d. Tantalum Foil Capacitor Failure Modes - Decrease  of capac i -  
t a n c e ,  dec reased  i n s u l a t i o n r e s i s t a n c e ,  and i n c r e a s e  of d i s s i p a -  
t i o n  f a c t o r  a r e  t h e  major problems a s s o c i a t e d  w i t h  t a n t a l u m  f o i l  
c a p a c i t o r s .  High l eakage  c u r r e n t  o c c u r r i n g  a t  t h e  s p o t s  where 
anode and cathode l e a d s  are welded t o  t h e  f r j i l s  h a s  been a manu- 
f a c t u r i n g  problem i n  t h e  p a s t .  Th i s  i s  e a s i l y  d e t e c t e d  i n  100 
p e r c e n t  s c r e e n i n g .  Tab le  3 summarizes t h e  v a r i o u s  f a i l u r e  mechan- 
i s m s  f o r  t a n t a l u m  f o i l  c a p a c i t o r s ,  a d e s c r i p t i o n  and cause  of 
t h e s e  mechanisms, method of d e t e c t i n g  t h e  d e f e c t s ,  and methods 
t o  minimize o r  e l i m i n a t e  t h e  c a u s e  of t h e s e  d e f e c t s .  
2) Low Capacitance - An example of low c a p a c i t a n c e  i s  r e p o r t e d  
i n  ALERT No. 55-68-01. A f t e r  burn- in ,  more t h a n  h a l f  of t h e  
c a p a c i t o r s  e x h i b i t e d  approximately  2% of  t h e  i n i t i a l  c a p a c i t a n c e .  
T h i s  was caused by f a u l t y  welds  a t  t h e  anode l e a d  t o  t h e  f o i l .  
E l e c t r o l y t e  l eakage  may a l s o  c a u s e  a d e c r e a s e  i n  c a p a c i t a n c e ,  
b u t  t h i s  is  v i r t u a l l y  e l i m i n a t e d  i n  h e r m e t i c a l l y  s e a l e d  u n i t s .  
Another p o t e n t i a l  s o u r c e  of c a p a c i t a n c e  d e c r e a s e  i s  caused by 
s e p a r a t i o n  of t h e  f o i l s .  Th i s  may occur  i f  r e a c t i v e  i m p u r i t i e s  
were  i n  t h e  e l e c t r o l y t e  o r  p a p e r ,  and gas  bubbles  form between 
t h e  f o i l s .  
2 )  Low Insulat ion Resistance - I n s u l a t i o n  r e s i s t a n c e  problems and 
t h e i r  causes  a r e  c l o s e l y  r e l a t e d  t o  p a r t  des ign .  I n  ALERT No. 
GSFC-71-6, an i n s u l a t i n g  mylar s l e e v i n g  between an i n t e r n a l  and 
e x t e r n a l  c a s e  con ta ined  a m e t a l l i c  contaminant .  Also ,  t h e  i n -  
t e r n a l  epoxy p o t t i n g  compound was p o o r l y  cured .  A one-hour bake 
a t  125°C r a i s e d  t h e  i n s u l a t i o n  r e s i s t a n c e  t o  1000 megohms. Th is  
c o n d i t i o n  i s  e a s i l y  d e t e c t e d  by a t e rmina l - to -case  i n s u l a t i o n  
r e s i s t a n c e  measurement. 
3 )  High Dissipation Factor - S e p a r a t i o n  of f o i l  o r  l eakage  of 
e l e c t r o l y t e  w i l l  cause  a n  i n c r e a s e  i n  d i s s i p a t i o n  f a c t o r  i n  add i -  
t i o n  t o  a d e c r e a s e  i n  c a p a c i t a n c e .  Th is  is  caused by an i n c r e a s e  
i n  ESR. The problem of gas  bubbles  forming between t h e  f o i l s  
from r e a c t i v e  contaminants  i s  n o t  a s e v e r e  problem and h a s n o t r e -  
c e i v e d  much t r e a t m e n t  i n  t h e  l i t e r a t u r e .  
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2 ,  Design 
SeZection C r i t e r i a  - Table  4 l i s t s  v a r i o u s  d e s i g n  f a c t o r s  t o  b e  
cons idered  f o r  s e l e c t i n g  l o n g - l i f e  t an ta lum c a p a c i t o r s .  It i s  
recommended t h a t  t h e  w e t  s l u g  t a n t a l u m  c a p a c i t o r  b e  avoided wher- 
e v e r  p o s s i b l e .  Although t h e y  can b e  o b t a i n e d  w i t h  r e l i a b i l i t y  
l e v e l s  e q u i v a l e n t  t o  s o l i d  s l u g  c a p a c i t o r s ,  i t  must b e  cons idered  
t h a t  t h e s e  l e v e l s  a r e  achieved g r a d u a l l y  from numerous t e s t s  of 
r e l a t i v e l y  s h o r t  d u r a t i o n .  The long-term e f f e c t s  of o p e r a t i o n  
a r e  g e n e r a l l y  n o t  r e v e a l e d  i n  these tests. The wet  s l u g  t y p e s  
a r e  ex t remely  s e n s i t i v e  t o  r e v e r s e  v o l t a g e  w i t h  a n  unknown long- 
t e r m  e f f e c t  of r i p p l e  c u r r e n t  even when t h e  v o l t a g e  n e v e r  re- 
v e r s e s .  The c o r r o s i v e  e l e c t r o l y t e  g e n e r a l l y  makes c a t a s t r o p h i c  
f a i l u r e  more hazardous  t o  o t h e r  equipment.  Also,  d e f e c t s  i n  
h e r m e t i c  seals may n o t  become a p p a r e n t  u n t i l  a f t e r  l o n g  p e r i o d s  
of o p e r a t i o n ,  the rmal  c y c l i n g ,  o r  power c y c l i n g .  The hermet- 
i c a l l y  s e a l e d  c a p a c i t o r  shou ld  b e  used r e g a r d l e s s  of t y p e  se- 
l e c t e d .  
For a  g iven  v o l t a g e  r a t i n g ,  i t  i s  g e n e r a l l y  b e l i e v e d  t h a t  t h e  
h i g h e r  c a p a c i t a n c e  v a l u e s  a r e  more prone t o  f a i l u r e .  I n  Ref- 
e r e n c e  1 5  i t  i s  p o i n t e d  o u t  t h a t  t h e  average  number of f l aws  i n  
d i e l e c t r i c s  shou ld  i n c r e a s e  a s  t h e  s q u a r e  r o o t  of t h e  d i e l e c t r i c  
a r e a  o r ,  e q u i v a l e n t l y ,  t h e  s q u a r e  r o o t  of t h e  c a p a c i t a n c e .  I n  
s e l e c t i n g  c a p a c i t o r  s i z e s  t h e n ,  i t  would b e  p r e f e r a b l e ,  from a 
r e l i a b i l i t y  s t a n d p o i n t ,  t o  use  t h e  s m a l l e s t  p o s s i b l e  v a l u e  of 
c a p a c i t a n c e .  However, some a p p l i c a t i o n s  may b e  more r e l i a b l e  
w i t h  one l a r g e  c a p a c i t o r  as opposed t o  t h e  use  of two s m a l l e r  
c a p a c i t o r s  i n  p a r a l l e l .  
The n a t u r e  of t an ta lum c a p a c i t o r s  i s  such t h a t  t h e  q u a l i t y  and 
r e l i a b i l i t y  i s  h i g h l y  dependent on t h e  m a t u r i t y ,  d e p e n d a b i l i t y ,  
and u n i f o r m i t y  of t h e  p r o c e s s e s  and m a t e r i a l s  u t i l i z e d .  It i s  
extremely important  t h a t  t h e  manufac tu re r  have a  s t a b l e ,  mature ,  
and w e l l - c o n t r o l l e d  f a c i l i t y  w i t h  a h i s t o r y  of s u c c e s s f u l  exper- 
i e n c e  i n  a b i l i t y  t o  perform t h e  c r i t i c a l  p r o c e s s e s  invo lved .  It 
i s  p r e f e r a b l e  t h a t  s t a n d a r d  s i z e s  and r a t i n g s ,  which a r e  i n  con- 
t inuous  h i g h  volume p r o d u c t i o n ,  b e  s e l e c t e d .  S t a r t - u p  problems 
a s s o c i a t e d  w i t h  i n t e r m i t t e n t  p roduc t ion  may a d v e r s e l y  a f f e c t  
q u a l i t y .  Any requirement  which may cause  a p e r t u r b a t i o n  t o  nor-  
mal producton p r a c t i c e s  shou ld  be  c a r e f u l l y  cons idered  f o r  t h e  
p o s s i b l e  impact on product  q u a l i t y .  
Ta
bl
e 
4 
Se
ze
ct
io
n 
C
ri
te
ri
a 
D
es
ig
n 
F
ac
to
r 
S
ea
l 
S
ol
de
r 
-
-
-
7
 
R
em
ar
ks
 
I 1 I 
F
or
 h
iz
h
es
t 
s
ta
b
il
it
y
 a
n
d 
r
e
li
a
b
il
it
y
, 
r
h
e 
h
er
m
et
ic
al
ly
 s
e
a
le
d
 t
y
pe
 c
a
p
ac
it
o
rs
 o
il
, 
s
r
r
~
il
d
 1 
be
 c
o
n
s
id
er
ed
. 
E
la
st
om
er
 s
e
a
le
d 
de
vi
ce
s 
s
ho
ul
d 
n
o
t 
L
e 
u
s
e
d.
 
I 
L
ea
d 
A
tt
ac
hm
en
t 
H
ig
h 
te
m
pe
ra
tu
re
 s
o
ld
er
 s
ho
ul
d 
be
 u
s
e
d 
th
ro
ug
ho
ut
 i
n
 t
h
e 
fa
b
ri
ca
ti
o
n
 o
f 
s
o
li
d
 t
ar
!t
al
u!
!~
 
c
a
p
ac
it
o
rs
 t
o
 p
re
ve
nt
 r
e
fl
o
w
 d
ur
in
g 
a
s
s
e
m
bl
y 
o
p
er
at
io
n
s.
 
S
il
v
er
 s
o
ld
er
 m
u
s
t 
be
 u
s
e
d 
fo
r 
a
tt
a
c
hm
en
t 
o
f 
s
lu
g
s 
in
to
 c
a
s
e
s
 
in
 o
r
de
r 
to
 p
re
ve
nt
 s
il
v
e
r 
p
ai
n
t 
d
is
so
lv
in
g
 i
n
to
 t
il
e 
s
o
ld
er
. 
1 ! 
E
x
te
rn
al
 l
ea
ds
 s
ho
ul
d 
be
 w
e
ld
ed
 
to
 a
n
o
di
ze
d 
ta
n
ta
lu
ii
~
 ri
se
rs
 e
x
te
rn
a
l 
to
 t
h
e 
ll
er
m
ei
-i
ca
ll
y 
s
e
a
le
d 
a
r
e
a
. 
L
ea
d 
m
a
te
ri
al
s 
n
o
n
-s
ta
n
da
rd
 
to
 t
h
e 
s
u
p
p
li
er
s 
n
o
ri
na
l 
pr
od
uc
t 
s
l~
o
u
ld
 be
 
a
v
o
id
ed
 t
o
 e
li
m
in
at
e 
a
tt
a
c
hm
en
t 
pr
ob
le
m
s 
a
r
is
in
; 
fr
om
 i
ne
xp
er
.i
en
ce
 
w
it
h 
s
u
c
h 
m
a
te
ri
al
s.
 
1 
F
o
il
 
E
le
ct
ro
ly
te
 
If
 w
e
t 
s
lu
g
 c
a
p
ac
it
o
rs
 a
r
e
 u
ti
li
ze
d
, 
th
e 
g
el
le
d
 e
le
ct
ro
ly
te
 i
s
 p
re
fe
rr
ed
 o
v
e
r
 
ti
le
 I
lq
~
lr
d
 
I 
be
ca
us
e 
o
L 
le
ss
er
 m
o
bi
li
ty
. 
I I 
A
s 
Fe
w
er
 
a
n
o
m
a
li
es
 a
r
e
 
li
k
el
y
 t
o
 e
x
is
t 
w
it
h 
p
la
in
 f
o
il
, 
th
es
e 
a
r
e
 p
re
fe
rr
ed
 o
v
e
r
 
ti
le
 
e
tc
he
d 
fo
il
 c
a
p
ac
it
o
rs
. 
S
iz
e 
& 
R
at
in
gs
 
S
ta
nd
zr
d 
pr
od
uc
ti
on
 s
iz
es
 a
n
d 
r
a
ti
n2
.s
 o
n
ly
 s
ho
ul
d 
L
e 
s
e
le
ct
ed
. 
N
on
-s
ta
nd
ar
d 
s
iz
es
 a
~
~
i
 
I 
r
a
ti
n
g
s 
u
n
iq
ue
 t
o
 t
h
e 
s
u
p
p
li
er
 a
r
e
 a
 
g
re
at
er
 r
e
li
a
b
il
it
y
 r
is
k
 b
ec
au
se
 o
f 
h
is
 i
n
ex
p
er
ie
sc
e 
1 
w
it
h 
th
es
e 
it
em
s.
 
A
 s
in
g
le
 l
ar
g
e 
v
a
lu
e 
c
a
p
ac
it
o
r 
is
 p
re
fe
rr
ed
 o
v
e
r
 
u
ti
li
za
L
io
n
 o
f 
tw
o 
c
a
p
ac
it
o
rs
 i
n
 p
ar
al
le
l.
 
P
ro
du
ct
 M
at
u
ri
ty
 
S
el
ec
t 
p
ar
ts
 w
it
h 
h
is
h
 v
o
lu
m
e 
c
o
n
ti
nu
ou
s 
pr
od
uc
ti
on
 a
n
d 
a
c
c
e
p
ta
bl
e 
p
as
t 
u
s
a
~
e
 ll
is
~
o
r,
 
1 
w
it
h
 n
o
 
in
ua
in
en
t 
li
k
el
ih
o
o
d
 o
f 
o
bs
ol
es
ce
nc
e 
in
 p
ro
du
ct
 
li
n
e.
 
1 
- s e ~ t i l o l , i c  pacts vjere b ,  KesuZLs of S z ~ r ~ e y  - Aerospace users uC 0 ' - -  
surveyed i n  regard to their procurement practices iu obtaining 
h i g h  r e l i a b i l i t y  t a n t a l u m  c a p a c i t o r s ,  Ln g e n e r a l ,  the r e q u i r e -  
ments of MIL-C-39003 and MIL-C-39006 w e r e  used a s  i s ,  o r  were 
used  w i t h  some a d d i t i o n a l  o r  more s t r i n g e n t  requ i rements .  Tab le  5 
l i s t s  t h e  v a r i o u s  u s e r s  who have r e p o r t e d  t a n t a l u m  c a p a c i t o r  tests 
o r  o t h e r  s p e c i f i c a t i o n  requ i rements  which are unique t o  t h e  re- 
qu i rements  of t h e  E s t a b l i s h e d  R e l i a b i l i t y  s p e c i f i c a t i o n s .  The 
r a t i o n a l e  p rov ided  f o r  each requ i rement  i s  a l s o  l i s t e d .  It i s  
n o t e d  t h a t  t h e  most common unique requ i rement  was an  i n c r e a s e  
o f  burn-in d u r a t i o n .  
The u s e r s  were  a l s o  q u e r i e d  a s  t o  t h e i r  p r e f e r e n c e  of t a n t a l u m  
c a p a c i t o r  t y p e  f o r  l o n g - l i f e  s p a c e  m i s s i o n s .  The consensus ,  i n  
o r d e r  of p r e f e r e n c e ,  was: 1 )  s o l i d  e l e c t r o l y t e ;  2) t a n t a l u m  
f o i l ;  and 3) w e t  s l u g .  No s p e c i f i c  a p p l i c a t i o n  requ i rements  
w e r e  c o n s i d e r e d ;  merely  p r e f e r e n c e  based  on p robab le  r e l a t i v e  
l i f e  expec tancy  a s  b i a s e d  b y  t h e i r  e x p e r i e n c e .  The s o l i d  e l e c t r o -  
l y t e  and t a n t a l u m  f o i l  c a p a c i t o r s  ranked c l o s e  t o g e t h e r .  A few 
u s e r s  even p r e f e r r e d  t h e  f o i l  t o  t h e  s o l i d .  However, w i t h o u t  
e x c e p t i o n ,  t h e  wet  s l u g  c a p a c i t o r  ranked l a s t ,  c o n s i d e r a b l y  below 
the s o l i d  and t h e  f o i l  t y p e s .  
c. Alternate Approaches - The h i s t o r i c a l  problems w i t h  wet s l u g  
t a n t a l u m  c a p a c i t o r s  have  been a s s o c i a t e d  w i t h  c o r r o s i v e  e l e c t r o -  
lyte leakage  and s i l v e r  e lec t ro -chemica l  a c t i o n .  The d e s i r e  t o  
u s e  t h i s  c a p a c i t o r ,  w i t h  t h e  a t t e n d a n t  advantage of h i g h e s t  
v o l u m e t r i c  e f f i c i e n c y ,  i s  tempered by t h e s e  problems. The h e r -  
m e t i c  s e a l  h a s  been a development t o  s o l v e  t h e  e l e c t r o l y t e  l eakage  
problem. Other  developments t o  s o l v e  t h e  s i l v e r  e l e c t r o c h e m i c a l  
problem have been t h e  p l a t i n i z e d  g o l d  ca thode  approach (Reference 
10) and the t i t a n i u m  cased c a p a c i t o r  w i t h  l i t h i u m  c h l o r i d e  e l e c t r o -  
lyte (Reference 1 1 ) .  However, the u s e  of l i t h i u m  c h l o r i d e  ad- 
v e r s e l y  a f f e c t s  t h e  low tempera tu re  c a p a b i l i t y .  Another approach 
c u r r e n t l y  under  development i s  t h e  t a n t a l u m  cased c a p a c i t o r  w i t h  
s u l f u r i c  a c i d  e l e c t r o l y t e .  Th i s  i s  be ing  developed by T r a n s i t o r  
f o r  NASA-MSFC. A l l  of  t h e s e  c a p a c i t o r s  can w i t h s t a n d  some re- 
v e r s e  v o l t a g e  w i t h o u t  t h e  danger  o f  s i l v e r  p l a t i n g  o u t  on t h e  
ca thode .  I n  t h e  t a n t a l u m  cased  c a p a c i t o r ,  t h e  cathode capac i -  
t a n c e  i s  formed t o  p r o v i d e  approximately  a 2-112 v o l t  r e v e r s e  
r a t i n g .  At the p r e s e n t  t i m e ,  t h e  d i s s i p a t i o n  f a c t o r  of t h i s  
c a p a c i t o r  i s  h i g h  a s  compared t o  s i l v e r  cased t y p e s ,  The t a n t a l u m  
cased  c a p a c i t o r  development may s o l v e  most of t h e  problems asso-  
c i a t e d  w i t h  we t  s l u g  t y p e s  and shou ld  b e  fol lowed c l o s e l y .  
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T h e  s o l t d  e l e c t r o l y t e  c a p a c i t o r  h a s  a higl ier  vo lumet r ic  efficiency 
than t h e  taritaalum foil.. t y p e ,  b u t  h a s  t h e  d i sadvan tage  of  Lesser 
s u r g e  v o l t a g e  c a p a b i l i t y ,  Minimum c i r c u i t  impedance i s  u s u a l l y  
imposed t o  a s s u r e  t h a t  power s u r g e s  d u r i n g  s c i n t i l l a t i o n  l e a d  t o  
h e a l i n g  r a t h e r  t h a n  p r o p a g a t i o n  of damage i n  t h e  d i e l e c t r i c .  The 
e f f e c t i v e n e s s  of s o l i d  e l e c t r o l y t e  c a p a c i t o r s  would b e  g r e a t l y  
enhanced i f  t h e  requ i rement  f o r  c i r c u i t  impedance cou ld  b e  e l i m -  
i n a t e d  and s u r g e  c a p a b i l i t y  i n c r e a s e d .  
The t echn ique  s u c c e s s f u l l y  used on t h i n  f i l m  s o l i d  e l e c t r o l y t e  
c a p a c i t o r s  t o  o p t i m i z e  h e a l i n g  (Reference 1 2 ) ,  s h o u l d  t h e o r e t i c a l l y  
b e  a p p l i c a b l e  t o  d i s c r e t e  s o l i d s .  T h i s  t echn ique  c o n s i s t s  of 
s l o w l y  i n c r e a s i n g  t h e  a p p l i e d  v o l t a g e  w h i l e  r a p i d l y  and c o n t i n -  
uous ly  c y c l i n g  26 c u r r e n t  l i m i t i n g  r e s i s t o r s  w i t h  v a l u e s  from 
z e r o  ohms t o  one megohm. T h i s  p r o v i d e s  a v a s t  number of power 
l e v e l s  f o r  c l e a r i n g  f a u l t s ,  t h e  a v a i l a b l e  power i n c r e a s i n g  i n  
s m a l l  inc rements .  The weakest  s p o t s  i n  t h e  d i e l e c t r i c  s h o u l d  
b r e a k  down a t  t h e  lowes t  v o l t a g e s  and c l e a r  themselves  f i r s t .  
As  t h e  v o l t a g e  and power l e v e l s  are extremely low a t  t h e  s t a r t  
of  t h e  v o l t a g e  ramp, t h e  energy  s u p p l i e d  i s  i n t e n d e d  t o  b e  s u f -  
f i c i e n t  t o  c o n v e r t  manganese d i o x i d e  t o  manganese o x i d e ,  b u t  
n o t  s u f f i c i e n t  t o  p ropaga te  t h e  d e f e c t .  The d e f e c t  i s  h e a l e d  
by t h e  i n s u l a t i n g  e f f e c t  of manganese oxide .  T h e o r e t i c a l l y ,  i t  
s h o u l d  b e  p o s s i b l e ,  w i t h  opt imized h e a l i n g ,  t o  o b t a i n  a  c a p a c i t o r  
w i t h  s u r g e  v o l t a g e  c a p a b i l i t y  c l o s e  t o  t h e  a n o d i z a t i o n  reforming 
v o l t a g e .  Vol tages  above t h i s  l e v e l  may r e s u l t  i n  a complete ly  
i n s u l a t e d  c a p a c i t o r  o r  a s h o r t e d  c a p a c i t o r .  
It i s  recommended t h a t  r e s e a r c h  b e  conducted t o  develop an o p t i -  
mized h e a l i n g  approach f o r  s o l i d  e l e c t r o l y t e  d i s c r e t e  c a p a c i t o r s  
u t i l i z i n g  c o n t r o l l e d  s t e p  a p p l i c a t i o n  of power and v o l t a g e .  The 
purpose  i s  t o  u t i l i z e  f u l l y  t h e  p o t e n t i a l  c a p a b i l i t y  of e x i s t i n g  
c a p a c i t o r  t y p e s  by bo th  e l i m i n a t i n g  d e v i c e s  n o t  capab le  of s u f -  
f i c i e n t  h e a l i n g ,  and p r o v i d i n g  optimum h e a l i n g  of s u p e r i o r  dev ices  
w i t h  fewer d e f e c t s  i n  o r d e r  t o  advance t h e  l o n g - l i f e  a s s u r a n c e  
of s o l i d  t an ta lum c a p a c i t o r s .  It i s  recommended t h a t  t h i s  r e -  
s e a r c h  i n c l u d e  : 
1 )  De te rmina t ion  of approach t o  o b t a i n  opt imized h e a l i n g .  
2) Determinat ion of opt imized h e a l i n g  e f f e c t s  on c h a r a c t e r i s t i c s  
o f  c a p a c i t a n c e  and d i s s i p a t i o n  f a c t o r .  
3) De terrnireati on ol bmpc oveinem i n  s u r g e  c u r r e n t  and v o l t a g e  
c a p a b i l i t y ,  t o g e t h e r  w i t h  f e a s i b i l i t y  o f  d e c r e a s i n g  c i r c u i t  
r e s t s  t a n c e  r e q u i r e m e n t s ,  
4 )  Colnparison of opt imized and non-optimized c a p a c i t o r  reli- 
a b i l i t y  by means of Weibu l l  a c c e l e r a t e d  l i f e  t e s t s .  
The c a p a c i t o r  which i s  o p t i m a l l y  h e a l e d  s h o u l d  b e  more r e l i a b l e  
and l o n g e r  l i v e d  i n  any given a p p l i c a t i o n ,  a s  t h e  c a p a b i l i t y  t o  
w i t h s t a n d  unexpected stresses shou ld  b e  improved. I n  an  unpub- 
l i s h e d  r e p o r t  by R, 'We Clolland, of Kemet, s u r g e  t e s t i n g  of s o l i d  
e l e c t r o l y t e  c a p a c i t o r s w a s  i n v e s t i g a t e d  f o r  t h e  purpose  of sc reen-  
i n g  t o  o b t a i n  c a p a c i t o r s  c a p a b l e  of r e l i a b l e  o p e r a t i o n  w i t h  a  
s e r i e s  impedance o f  z e r o  ohms p e r  v o l t .  Even w i t h o u t  opt imized 
h e a l i n g ,  i t  was concluded t h a t  o p e r a t i o n  w i t h  s e r i e s  impedances 
below 0 , l  ollrn/volt can b e  used s u c c e s s f u l l y  when d e v i c e s  were  
s c r e e n e d  w%th s u r g e  c u r r e n t  t e s t i n g ,  Of 40,000 c a p a c i t o r s  sub- 
j e c t e d  t o  15 c u r r e n t  s u r g e s ,  a d e c r e a s i n g  f a i l u r e  rate was ob- 
s e r v e d  on r e p e a t e d  s u r g e s ,  Ninety-one p e r c e n t  of a l l  r e j e c t s  
( l eakage  c u r r e n t  ou t  of s p e c i f i c a t i o n )  o c c u r r e d  d u r i n g  t h e  f i r s t  
t h r e e  s u r g e s ,  The d e c r e a s i n g  f a i l u r e  r a t e  i s  i n  accordance w i t h  
a c c e l e r a t e d  W e i b u l l  l i f e  t e s t  d a t a  such as t h a t  o b t a i n e d  i n  Ref- 
e r e n c e  1 6 ,  
Normal burn- in  t e s t i n g  does n o t  adequa te ly  s c r e e n  s o l i d  e l e c t r o -  
l y t e  c a p a c i t o r s i n  r e g a r d  t o  c a p a b i l i t y  f o r  o p e r a t i o n  under 
t r a n s i e n t  c o n d i t i o n s ,  Use of an  opt imized h e a l i n g  t echn ique  h a s  
p o t e n t i a l  f o r  a p p l i c a t i o n  a s  a  s c r e e n  o r  a c o n d i t o n i n g  t e s t  t o  
improve t h e  c a p a b i l i t y  of s o l i d  c a p a c i t o r s ,  t o  i n c r e a s e  t h e  long- 
l i f e  r e l i a b i l i t y ,  and t o  improve t h e i r  u s e f u l n e s s  by r e d u c t i o n  of 
t h e  s e r i e s  l i m i t i n g  impedance requ i rement .  
d. Harduare Life - The expected l i f e  of t a n t a l u m  c a p a c i t o r s  i s  
c l o s e l y  r e l a r e d  t o  t h e  a p p l i c a t i o n  and environment .  Opera t ion  of 
we l l - sc reened  c a p a c i t o r s  under moderate c o n d i t i o n s  of t e m p e r a t u r e ,  
mechanical- environlnen t , with d e r a t e d  v o l t a g e ,  d e r a t e d  r i p p l e  
c u r r e n t ,  and w i t h  no t r a n s i e n t  o r  r e v e r s e  v o l t a g e s  would have t h e  
g r e a t e s ~  expec ted  l o n g e v i t y .  WeL s l u g  t a n t a l u m  c a p a c i t o r s  w i t h  
e l a s t o m e r  s e a l s  would have l i t t l e  t r o u b l e  meet ing a  d e s i g n  l i f e  
of t h r e e  t o  f o u r  y e a r s  (ReTerence a ) ,  w h i l e  t h e  h e r m e t i c a l l y  
s ea l ed  dev ice  i s  expeceed t o  b e  c o n s i d e r a b l y  I onger .  Weight l o s s  
of  w e t  slug d e v i c e s  may b c  one i ndi c < ~ t i o n  of l o n g e v i t y ,  a l though  
many a t h e c  factors n r u s t b c  corrsidcsed,  I n  Reference 11 i t  i s  
repor Led L I M L  weight  iobs from e l  e c t r o l y  te decomposi t ion and 
w<itcr L o s s  t h r o u g h  e  LasLoliier se,l i s  was  more t h a n  1 2  t imes  g r e a t e r  
t h a n  through "hermetic" d e v i c e s .  During a  7000-hour t e s t  a t  
r a t e d  v o l t a g e  a t  85OC, t h e  e l a s t o m e r  d e v i c e s  showed more t h a n  
6% weigh t  l o s s  w h i l e  t h e  h e r m e t i c  dev ices  showed less than  1/2% 
weigh t  l o s s .  Some unknowns, which e x i s t  i n  t h e  t r u l y  h e r m e t i c  
d e v i c e s ,  a r e  t h e  r a t e s  and d i s p o s i t i o n s  of e l e c t r o c h e m i c a l  gas- 
eous p r o d u c t s ,  p r e s s u r e  bui ld-up,  and e f f e c t s  of c y c l i n g  and 
p e r i o d s  of dormancy on t h e s e  e f f e c t s .  It i s  g e n e r a l l y  b e l i e v e d  
(Paragraph C .  2  .b) t h a t  t a n t a l u m  wet s l u g  c a p a c i t o r s  i n  t h e i r  
p r e s e n t  s t a t e  a r e  n o t  s u i t e d  f o r  l o n g - l i f e  s p a c e  m i s s i o n s .  I n  
Reference 1 7 ,  i t  i s  s t a t e d  t h a t  wet s l u g  t a n t a l u m  c a p a c i t o r s  a r e  
judged t o  b e  u n s u i t a b l e  f o r  a 100,000-hour m i s s i o n  due t o  t h e  
c o r r o s i v e n e s s  of t h e  e l e c t r o l y t i c  medium and t h e  r e s u l t i n g  long- 
term ag ing  e f f e c t s  t h a t  are p o s s i b l e .  
S o l i d  s l u g  and t a n t a l u m  f o i l  c a p a c i t o r s  are c a p a b l e  of mee t ing  
100,000-hour miss ion  l i f e  requ i rements .  The u s e f u l  l i f e  of t h e s e  
c a p a c i t o r s  i s  enhanced by d e r a t i n g ,  ben ign  environments ,  and cir- 
c u i t  t o l e r a n c e  t o  parameter  change. T e s t  d a t a  beyond 10,000 h o u r s  
of l i f e  i s  s c a r c e .  For  example, i n  IDEP r e p o r t  No. 152.75.40.  
40-E9-02, 520 s o l i d  c a p a c i t o r s  were t e s t e d  a t  r a t e d  v o l t a g e  a t  
8 5 ' ~  f o r  10,000 hours .  Four f a i l u r e s  due t o  l eakage  were observed.  
I n  accordance w i t h  o t h e r  e x p e r i e n c e s  of d e c r e a s i n g  f a i l u r e  r a t e ,  
two f a i l u r e s  occurred d u r i n g  t h e  f i r s t  2000 h o u r s  of t e s t  and 
t h e  o t h e r  two d u r i n g  t h e  remaining 8000 hours  o f  t e s t .  I n  IDEP 
Report  No. 152.75.40.40-H6-01, 40 p i e c e s  of s o l i d  s l u g  c a p a c i t o r s  
were o p e r a t e d  f o r  1 8  months a t  25OC a t  80% v o l t a g e  i n  vacuum. No 
f a i l u r e s  occur red .  The n a t u r e  of t h e  s o l i d  e l e c t r o l y t e  t a n t a l u m  
c a p a c i t o r  l e a d s  many t o  view t h e  d e v i c e  as a semiconductor .  I n  
Refe rence  1 7 ,  t h e  r e l a t i v e  f a i l u r e  r a t e  f a c t o r  of s o l i d  c a p a c i t o r s  
i s  t h e  same as  f o r  low power b i p o l a r  t r a n s i s t o r s .  The r e l a t i v e  
f a i l u r e  r a t e  f a c t o r  f o r  t a n t a l u m  f o i l  c a p a c i t o r s  i s  somewhat 
b e t t e r  t h a n  h igh  power d e n s i t y  d iodes .  
e .  Application Guidelines - The tan ta lum e l e c t r o l y t i c  c a p a c i t o r s  
a r e  used where l a r g e  v a l u e s  of c a p a c i t a n c e  i n  a s m a l l  volume a r e  
r e q u i r e d ,  They a r e  s u i t a b l e  f o r  u s e  p r i m a r i l y  i n  by-pass ing,  
coup l ing ,  f i l t e r i n g ,  and a p p l i c a t i o n s  r e q u i r i n g  energy s t o r a g e .  
I n  g e n e r a l ,  they are n o t  s u i t e d  f o r  p r e c i s i o n  t i m i n g  o r  o s c i l l a -  
t o r  c i r c u i t s  because  of pa ramete r  changes d u r i n g  l i f e  and at  tem- 
p e r a t u r e  extremes.  A l l  t ypes  shou ld  b e  a p p l i e d  s o  t h a t  t h e  peak 
v o l t a g e s  exper ienced  by t h e  c a p a c i t o r  do n o t  exceed t h e  d e r a t e d  
v o l t a g e ,  S u f f i c i e n t  dc  p o l a r i z i n g  v o l t a g e  shou ld  b e  a p p l i e d  t o  
p o l a r  types  L O  p r e v e n t  any r e v e r s e  v o l t a g e  on t h e  c a p a c i t o r  by 
a c  components a t  any t ime ,  When used i n  banks o r  i n  p a r a l l e l  
o t ~ e a - a ~  i aii , c o ~ ~ s i d e r a t t o r ;  must be given t o  the manner I n  which 
c i p p  kc current i s  s h a r e d  th roughout  t h e  a p p i r e d  l i f e ,  The h igh-  
e s ~  B i ; ~ p  jz , i l r uen t ,  i n  t h e  c a p a c i t o r  w i t h  t h e  l o w e s t  ESR, shou ld  
n o t  exceed i h e  d e r a t e d  r i p p l e  c u r r e n t  r a t i n g ,  The t o t a l  temper- 
a t u r e ,  i n c l u d i n g  t h e  t e m p e r a t u r e  rise from s e l f - h e a t i n g ,  shou ld  
n o t  exceed the d e r a t e d  t e m p e r a t u r e  r a t i n g .  Tantalum c a p a c i t o r  
banks shou ld  b e  p o t t e d  i n t o  an  e a s i l y  removable module t o  f a c i l -  
i t a t e  r e p  l acement and p e r i o d i c  test  . 
1 )  Wet SZzig TuntaZwn Capacitors - The ad e  wet  s l u g  i s  
thak i t  h a s  t h e  h i g h e s t  v o l u m e t r i c  e f f i c i e n c y ,  The l e a k a g e  i s  
low and may c o n t i n u e  L o  improve under s t e a d y  s t a t e  o p e r a t i o n .  
The d t sadvan tages  a r e  a compara t ive ly  poor  t e m p e r a t u r e  c h a r a c t e r -  
i s L  LC and h i g h  dhss  kpa t ion  f a c t o r .  The c o r r o s i v e  e l e c t r o l y t e ,  
t h e  ext reme s u s c e p t i b i l i t y  t o  r e v e r s e  v o l t a g e s ,  and t h e  u s e  of 
s i l v e r  on t h e  c a t h o d e ,  a r e  o t h e r  u n d e s i r a b l e  f e a t u r e s .  There  
i s  ev idence  t h a t  r i p p l e  c u r r e n t  on t h e s e  c a p a c i t o r s  can cause  
s i l v e r  t o  p l a t e  on t h e  anode s l u g ,  i n  a d d i t i o n  t o  t h e  normal  
c a p a c i t o r  h e a t i n g  (Refe rence  9 and A l e r t  No, bISFC-70-13). A l -  
though t h e  impact  of p l a t i n g  on t h e  anode due t o  r i p p l e  i s  n o t  
f u l l y  known, t h e  p o s s i b i l i t y  of  i n c r e a s e d  l e a k a g e  a t  o x i d e  de- 
f e c t  s i t e s  and Lhe f r e e i n g  of t h e s e  p a r t i c l e s  under  mechan ica l  
environments  e x i s t s ,  P l a t i n g  a l s o  o c c u r s  on t h e  c a t h o d e ,  which 
can b e  a n o t h e r  s o u r c e  of  p a r t i c u l a t e  g e n e r a t i o n  under shock o r  
v i b r a t i o n ,  Q u a n t i t a t i v e  d a t a  on minLmum r i p p l e  c u r r e n t s  r e -  
q u i r e d  t o  c a u s e  p l a t i n g  o v e r  extended p e r i o d s  of t i m e  does  n o t  
p r e s e n t l y  e x i s t ,  Levels  of v i b r a t i o n  o r  shock r e q u i r e d  t o  f r e e  
the p l a ~ e d  p a r t i c l e s  from t h e  anode o r  ca thode  a r e  a l s o  unknown. 
Thus, i n  a d d i t i o n  t o  t h e  p o s s i b i l i t y  o f  s e a l  l e a k a g e  and t h e  
s u s c e p t i b l i t y  t o  r e v e r s e  v o l t a g e ,  t h e  p a r t i c u l a t e  con tamina t ion  
p o s s i b i l i t y  ~nakcs  t h e  wet  s l u g  c a p a c i t o r  a  r e l i a b i l i t y  r i s k  i n  
long-term m i s s i o n s ,  p a r t i c u l a r l y  i f  h i g h  shock a n d / o r  v i b r a t i o n  
l e v e l s  a r e  -involved, The l i m i t i n g  v a l u e  of r i p p l e  i s  p robab ly  
determined by t h e  p l a t i n g  e f f e c t  r a t h e r  t h a n  t h e  s e l f - h e a t i n g  
e f f e c t ,  The Following d c r a t e d  r i p p l e  c u r r e n t  l e v e l s  a r e  t h e r e -  
f o r e  recammcnded for t h e  CLR65 t y p e  capacitors : 
TI Case S i z e  - 35 ma RMS 
T2 Case Size - 120 ma RNS 
These v a l u e s  a r e  f o r  120 h z ,  R i p p l e  c u r r e n t  a t  o t h e r  f r e q u e n c i e s  
shou ld  be  c o n t r o l l e d  such t h a t  t h e  h e a t i n g  e f f e c t  a t  h i g h e r  f r e -  
quencies  does n o t  exceed t h a t  a t  120 h z ,  a l lowing  f o r  t h e  d e c r e a s e  
i n  ESR w i t h  i n c r e a s i n g  f requency and t empera tu re .  Opera t ion  o f  
these c a p a c i t o r s  back-to-back i s  n o t  recommended, Opera t ion  i n  
series connec t ion  shou ld  u t i l i z e  b a l a n c i n g  r e s i s t o r s  i n  p a r a l l e l  
t o  a s s u r e  p r o p e r  d i v j s i o n  of v o l t a g e .  A f t e r  p e r i o d s  o f  dormancy 
o r  s t o r a g e ,  the l e a k a g e  c u r r e n t  may b e  expec ted  t o  rise because  
t h e  s e l f - h e a l i n g  e f f e c t  d u r i n g  o p e r a t i o n  i s  a b s e n t  and oxygen 
b a r r i e r s  a t  weak d i e l e c t r i c  s p o t s  d i f f u s e  away. The c a p a c i t o r s  
w i l l  r e t u r n  t o  normal i f  o p e r a t e d  n e a r  r a t e d  v o l t a g e  f o r  approx- 
i m a t e l y  48  h o u r s .  It is  p r e f e r a b l e  t h a t  t h e  v o l t a g e  b e  a p p l i e d  
i n  a ramp f a s h i o n  r a t h e r  t h a n  i n  a s t e p  f a s h i o n  under t h e s e  con- 
d i t i o n s .  
2) Solid Electrozyte Capacitors - The s o l i d  t a n t a l u m  c a p a c i t o r  
i s  s u p e r i o r  t o  t h e  wet  s l u g  and t h e  t an ta lum f o i l  c a p a c i t o r s  i n  
h i g h  f requency c h a r a c t e r i s t i c s ,  p a r t i c u l a r l y  a t  low tempera tu res .  
Although this c a p a c i t o r  i s  c a p a b l e  of r e v e r s e  v o l t a g e s  of approx- 
i m a t e l y  o n e  v o l t ,  i t  i s  recommended t h a t  v o l t a g e  r e v e r s a l  b e  
avoided f o r  maximum r e l i a b i l i t y ,  p a r t i c u l a r l y  where c a p a c i t a n c e  
s t a b i l i t y  i s  r e q u i r e d .  Reverse  v o l t a g e  t e n d s  t o  i n c r e a s e  t h e  
c a p a c i t a n c e  and a d v e r s e l y  a f f e c t  the h i g h  f requency c h a r a c t e r -  
i s t i c s .  The s c i n t i l l a t i o n  e f f e c t  may cause  u n d e s i r a b l e  c i r c u i t  
n o i s e  i n  some a p p l i c a t i o n s .  Th i s  e f f e c t  i s  minimized a t  reduced 
t empera tu res  and v o l t a g e s .  Th i s  e f f e c t  a l s o  makes t h e  c a p a c i t o r  
s e n s i t i v e  t o  v o l t a g e  and c u r r e n t  s u r g e s  and is  t h e r e f o r e  n o t  p r e -  
f e r r e d  f o r  p u l s e  a p p l i c a t i o n s .  T r a n s i e n t  v o l t a g e s  must b e  l i m i t e d  
t o  t h e  d e r a t e d  v o l t a g e  r a t i n g ,  A s e r i e s  r e s i s t a n c e  o f  3 ohms p e r  
v o l t  minimum. i s  recommended t o  p r e v e n t  s c i n t i l l a t i o n  d e r i v e d  dam- 
age.  I f  t h e s e  c a p a c i t o r s  are used i n  banks ,  t h e  s e r i e s  r e s i s t a n c e  
shou ld  b e  used w i t h  each  c a p a c i t o r .  Otherwise ,  t h e  s e l f - h e a l i n g  
breakdown may become a c a t a s t r o p h i c  f a i l u r e  because  of t h e  low 
impedance d i s c h a r g e  of t h e  p a r a l l e l e d  c a p a c i t o r s  i n t o  t h e  b reak-  
dorm s i te .  
When used i n  s e r i e s ,  b a l a n c i n g  r e s i s t o r s  s h o u l d  b e  used t o  e n s u r e  
p roper  v o l t a g e  d i v i s i o n ,  The p o l a r  s o l i d s  may b e  used i n  non- 
p o l a r  a p p l i c a t i o n s  connected back-to-back i f  d e r a t e d  peak v o l t a g e s  
and t empera tu res  a r e  n o t  exceeded and t h e  s e r i e s  l i m i t i n g  resis- 
tance  recommendations a r e  implemented. Both p o l a r  and non-polar  
c a p a c i t o r s ,  when used i n  a c  a p p l i c a t i o n s ,  s h o u l d  b e  i n s u l a t e d  f rom 
ground, The r i p p l e  o r  a c  c u r r e n t  shou ld  b e  c o n t r o l l e d  such  t h a t  
t h e  h e a t i n g  e f f e c t  does n o t  cause  t h e  d e r a t e d  t empera tu re  r a t i n g  
t o  b e  exceeded,  a l lowir ig  f o r  t h e  d e c r e a s e  i n  ESR w i t h  i n c r e a s i n g  
f requency , 
) I ~ , l , , d l ~ l , l /  1 c[: C q  UC.V LP:; TI!; tantal~m f o i l  c a p a c i t o r  hzs 
t h e  advantages  of a v a i l a b i l i t y  of non-polar t y p e s ,  t h e  u s e  of 
t a n t a l u m  f o r  b o t h  anode and ca thode  g i v i n g  t h e  l e a s t  e l e c t r o -  
chemical  a c t i o n ,  h i g h e r  v o l t a g e  r a t i n g s ,  and a b i l i t y  t o  t a k e  
unexpected o v e r l o a d s ,  The p o l a r  types  have t h e  c a p a b i l i t y  t o  
w i t h s t a n d  v o l t a g e  r e v e r s a l s  up t o  3 v o l t s ,  b u t  f o r  h i g h e s t  re- 
l i a b i l i t y  i t  i s  recommended t h a t  r e v e r s e  v o l t a g e  b e  avoided 
wherever p o s s i b l e .  The p r i n c i p a l  d i sadvan tages  a r e  t h a t  they  
have g r e a t e r  t o l e r a n c e s  than t h e  s o l i d s ,  h i g h e r  d i s s i p a t i o n  
f a c t o r  t h a n  t h e  s o l i d s ,  and p o o r e r  t empera tu re  c h a r a c t e r i s t i c s  
t h a n  &he w e t  s l u g s ,  The f o i l  t y p e  i s  prone t o  f a i l u r e  i n  t h e  
open mode a s  opposed t o  t h e  s h o r t e d  mode and i s  t h e r e f o r e  more 
s u i t a b l e  t h a n  t h e  s o l i d  c a p a c i t o r  i n  some a p p l i c a t i o n s ,  such 
as i n  f i l c e r  banks.  The p l a i n  f o i l  i s  p r e f e r r e d  over  t h e  e t c h e d  
f o i l  because  of g r e a t e r  s t a b i l i t y  and t h e  lesser p o s s i b i l i t y  of 
h a v i n g  anomal ies .  However, g r e a t e r  c a p a c i t a n c e  i n  s m a l l e r  s i z e  
i s  a v a i l a b l e  w i t h  t h e  e t c h e d  f o i l  t y p e .  The s u r g e  v o l t a g e  shou ld  
n e v e r  exceed t h e  d e r a t e d  v o l t a g e  r a t i n g .  R i p p l e  o r  a c  c u r r e n t  
s h o u l d  b e  c o n t r o l l e d  such  t h a t  t h e  h e a t i n g  e f f e c t  does n o t  cause  
t h e  d e r a t e d  t empera tu re  r a t i n g  t o  b e  exceeded,  a l l o w i n g  f o r  t h e  
d e c r e a s e  i n  ESR w i t h  i n c r e a s i n g  f requency.  When used i n  s e r i e s ,  
b a l a n c i n g  r e s i s t o r s  s h o u l d  b e  used t o  a s s u r e  p r o p e r  d i v i s i o n  of 
v o l t a g e ,  
4) Derating - For  l o n g - l i f e  h igh  r e l i a b i l i t y  u s a g e ,  t h e  peak v o l t -  
age  of any t a n t a l u m  c a p a c i t o r  shou ld  n o t  b e  al lowed t o  exceed 50% 
of t h e  m a n u f a c t u r e r ' s  d e r a t e d  r a t i n g s .  The r i p p l e  c u r r e n t  f o r  wet  
s l u g  c a p a c i t o r s  shou ld  n o t  exceed t h e  v a l u e s  t a b u l a t e d  above.  
For s o l i d  s l u g  and t a n t a l u m  f o i l  c a p a c i t o r s ,  t h e  a l l o w a b l e  r i p p l e  
c u r r e n t  shou ld  b e  l i m i t e d  t o  70% of t h e  m a n u f a c t u r e r ' s  d e r a t e d  
r a t i n g s ,  The t empera tu re  of t an ta lum f o i l  and wet  s l u g  c a p a c i t o r s  
shauLd n o t  be  al lowed t o  exceed 70°C i n c l u d i n g  t h e  e f f e c t s  of i n -  
t e r n a l  h e a t i n g ,  The t empera tu re  of s o l i d  e l e c t r o l y t e  c a p a c i t o r s  
s h o u l d  n o t  exceed 50°6, These d e r a t i n g  v a l u e s  a r e  recommended 
a s  the r e s u l t  of a d e r a t i n g  survey  r e p o r t e d  i n  Volume I V ,  
TEST METHODOLOGY AND REQUIREMENTS 
1, Q u a l i f i c a t i o n  
The q u a l i f i c a t i o n  and r e t e n t i o n  of q u a l i f i c a t i o n  requ i rements  of  
MIL-C-39003 and MIL-C-39006 a r e  e x c e l l e n t  and e n t i r e l y  a d e q u a t e  
f o r  most h i g h  r e l i a b i l i t y  a p p l i c a t i o n s .  P a r t s  s h o u l d  b e  p rocured  
t o  t h e  h i g h e s t  r e l i a b i l i t y  l e v e l  a v a i l a b l e ,  never  below l e v e l  P .  
A d d i t i o n a l  q u a l i f i c a t i o n  requ i rements  shou ld  b e  imposed o n l y  when 
unusua l  program-pecul iar  needs ,  such  a s  h i g h e r  env i ronmenta l  l e v -  
e l s ,  a r i s e .  Although t h e  p r e s e n t l y  a v a i l a b l e  t a n t a l u m  f o i l  and 
s o l i d  e l e c t r o l y t e  c a p a c i t o r s  a r e  deemed s u i t a b l e  f o r  100,000 h o u r  
a p p l i c a t i o n s  ( p r o p e r l y  a p p l i e d  and d e r a t e d ) ,  i t  may b e  d e s i r a b l e  
a t  t imes  t o  s e l e c t ,  from a v a i l a b l e  q u a l i f i e d  p r o d u c t s ,  t h o s e  w i t h  
t h e  g r e a t e s t  expected l o n g e v i t y .  I n  t h i s  e v e n t ,  i t  i s  recommended 
t h a t  an  e v a l u a t i o n  approach,  a s  opposed t o  q u a l i f i c a t i o n ,  be  i m -  
plemented i n  accordance w i t h  S u b s e c t i o n  D.2.  
2 .  L i f e  T e s t  
- 
It  is  i m p r a c t i c a l  t o  perform a  r e a l  t ime  t e s t  under normal o p e r a t -  
i n g  c o n d i t i o n s  t o  v e r i f y  100,000 hour l i f e  c a p a b i l i t y .  However, 
i t  may be  ext remely d e s i r a b l e ,  even n e c e s s a r y ,  t o  o b t a i n  c o n f i -  
dence i n ,  o r  a n  e s t i m a t e  o f ,  long  l i f e  c a p a b i l i t y  when a  new tan-  
talum p r o d u c t  i s  b e i n g  cons ide red  f o r  such  usage.  T h i s  c o n d i t i o n  
would a p p l y  b o t h  t o  t h e  new s o u r c e s  o f  c o n v e n t i o n a l  p r o d u c t s  and  t o  
new produc t  developments.  When n e c e s s a r y  under t h e s e  c o n d i t i o n s ,  
i t  i s  recommended t h a t  a n  a c c e l e r a t e d  t e s t  approach b e  u t i l i z e d  
u s i n g  t h e  I n v e r s e  Power Rule i d e n t i f i e d  i n  "A Study of A c c e l e r a t e d  
T e s t i n g  Techniques1'  i n c l u d e d  i n  Volume IV, These tests shou ld  b e  
performed a t  c o n s t a n t  t empera tu re  ( e i t h e r  r a t e d  o r  u s e  c o n d i t i o n s )  
bu t  a t  a c c e l e r a t e d  v o l t a g e s .  A two s t e p  approach is recommended 
c o n s i s t i n g  o f :  1 )  d e t e r m i n a t i o n  of maximum u s a b l e  v o l t a g e  s t r e s s e s  
and; 2 )  performance of t h e  a c c e l e r a t e d  l i f e  t e s t .  The f i r s t  s t e p  
u t i l i z e s  a  s m a l l  number of samples ( approx imate ly  5 t o  1 0 )  and 
c o n s i s t s  of  i n c r e a s i n g  t h e  v o l t a g e  i n  small inc rements  f o r  s h o r t  
d u r a t i o n s  (10% of r a t e d  v o l t a g e ,  one hour  each  i n c r e m e n t ) ,  s t a r t -  
i n g  a t  110% of r a t e d  v o l t a g e ,  and p r o g r e s s i n g  u n t i l  f a i l u r e  o c c u r s .  
The f a i l u r e  c r i t e r i a  cou ld  b e  t h e  o c c u r r e n c e  of a  c a t a s t r o p h i c  
f a i l u r e  o r  a  permanent change i n  a  d e s i r e d  parameter  such  a s  l e a k -  
age .  The d e s i r e d  parameter  measurements shou ld  b e  made a f t e r  e a c h  
increment  under a  s e t  of s t a n d a r d  c o n d i t i o n s .  The t r e n d s  i n  t h e  
pa rdmete r s  f o l l o w i n g  each  increment  shou ld  b e  observed c a r e f u l l y  
t o  d e t e c t  changes i n d i c a t i v e  of damage o c c u r r i n g  w i t h i n  t h e  capac- 
i L o r .  When c a t a s t r o p h i c  f a i l u r e s  o r  sudden p a r a m e t r i c  s h i f t s  oc- 
c u r ,  d i s sec -c ion  a n a l y s i s  of t h e  c a p a c i t o r s  invo lved  should  be made  
f o r  de te r rn ind t lon  o f  f a x l u r e  mechanism, I n  L l . 1 1 ~  manner ,  t h e  maxi- 
mum veil age level whlch does  n o t  i n ~ t l a t e  new f z r i u r e  mechanisms 
C ~ I I  b e  e s i i n l a ~ e d  i l l  approx imate ly  one week o r  l e s s .  From t h i s  
data, v o l t a g e  I e v e L s  Lo b e  used i n  t h e  second s t e p  can be  s e l e c t e d ,  
p r e f e r a b l y  l e s s  t h a n  t h e  maximurn e s t i m a t e d  i n  S t e p  1. Data  on 
a c c e l e r a t e d  t e s t s  of c a p a c i t o r s  i n d i c a t e s  t h a t  t h e  v a l u e  of  t h e  
exponent "nii i n  t h e  I n v e r s e  Power Rule  w i l l  b e  between L O  and 20. 
For  s o l i d  e l e c t r o l y t e  c a p a c i t o r s  t e s t e d  i n  Refe rence  1 6 ,  t h e  v a l u e  
was e s t i m a t e d  t o  b e  9 .6 .  The s i m p l e s t  manner t o  pe r fo rm S t e p  2 
i s  t o  assume a n  exponent "n" of 1 0 ,  which i s  p robab ly  c o n s e r v a t i v e ,  
and perform a  c o n s t a n t  h i g h  v o l t a g e  t e s t  f o r  a  g i v e n  l e n g t h  of 
t ime .  For  example,  i f  160% of r a t e d  v o l t a g e  i s  w e l l  w i t h i n  t h e  
maximum u s a b l e  l e v e l  determined i n  S t e p  1, t h e n  a  LOO0 hour  t e s t  
a t  t h i s  v o l t a g e  i s  e q u i v a l e n t  t o  a  minimum 100,000 h o u r s  a t  r a t e d  
v o l t a g e .  L f  t h e  v a l u e  of "n" i s  g r e a t e r  t h a n  1 0 ,  t h e n  i t  i s  equiv-  
a l e n t  t o  a  c o r r e s p o n d i n g l y  g r e a t e r  number of " r e a l  t ime" h o u r s .  
(With "n" = 20, a  1000 hour  160% v o l t a g e  t e s t  i s  approx imate ly  
e q u a l  t o  t e n  m i l l i o n  hours  a t  r a t e d  v o l t a g e . )  R a t h e r  t h a n  a t t empt -  
i n g  ex t remely  h i g h  a c c e l e r a t i o n  f a c t o r s ,  i t  i s  recommended t h a t  
more moderate  v o l t a g e s  b e  used r e q u i r i n g  abou t  1000 hours  of t e s t  
t ime  t o  a c q u i r e  t h e  needed i n f o r m a t i o n .  S i n c e  a  minimum v a l u e  of  
"n" i s  assumed, t h i s  i s  a  p u r e l y  q u a l i t a t i v e  approach.  No informa- 
t i o n  i s  o b t a i n e d  on f a i l u r e  r a t e  e s t i m a t e s ,  However, i t  i s  a n  
economic approach i n  b o t h  t i m e  and money t o  o b t a i n  some a s s u r a n c e  
t h a t  t h e  p r o d u c t  e v a l u a t e d  i s  c a p a b l e  of performance f o r  t h e  re-  
q u i r e d  t i m e .  The minimum q u a n t i t y  of p a r t s  t e s t e d  shou ld  b e  t h i r t y  
p i e c e s .  The number can b e  i n c r e a s e d  f o r  g r e a t e r  c o n f i d e n c e .  I f  
f a i l u r e s  o c c u r  d u r i n g  t h e  1000 hour t e s t ,  Weibul l  a n a l y s i s  of  t h e  
d a t a  can b e  made. The s l o p e  w i l l  i n d i c a t e  i f  t h e  p a r t  h a s  a n  i n -  
c r e a s i n g  o r  d e c r e a s i n g  f a i l u r e  r a t e .  With assumpt ions  t o  t h e  v a l u e  
of "n", f a i l u r e  r a t e  o r  haza rd  e s t i m a t e s  can b e  made f o r  usage  o r  
d e r a t e d  c o n d i t i o n s .  
I f  more p r e c i s e  r e s u l t s  a r e  r e q u i r e d ,  a  minimum of  two groups  of  
p a r t s  shou ld  be u s e d ,  each s u b j e c t e d  t o  a  d i f f e r e n t  a c c e l e r a t e d  
v o l t a g e ,  For  p r a c t i c a l  t e s t  t i m e s  and moderate  a c c e l e r a t i n g  f a c -  
t o r s ,  t h e  v o l t a g e s  chosen shou ld  b e  such  t h a t  t h e  lower  v o l t a g e  
group Elas approximate ly  50% ( o r  more) f a i l u r e s  w i t h i n  2000 h o u r s ,  
The h i g h e r  v o l t a g e  group shou ld  b e  t e s t e d  a t  a l e v e l  which p r o v i d e s  
approx imate ly  50% f a i l u r e s  between 100 and 1000 h o u r s ,  With two 
groups  of p a r t s  and two Weibu l l  a n a l y s e s ,  t h e  r e g r e s s i o n  curve  
shown i n  Voluine I V  f o r  t h e  I n v e r s e  Power Rule  can b e  made, h a z a r d  
r a t e s  f o r  any r e a s o n a b l e  d e r a t e d  v o l t a g e  c o n d i t i o n  e s t i m a t e d ,  and 
t h e  exponent "'n" f o r  t h e  p a r t  de te rmined ,  
For a g i v e n  p a r t ,  S t e p  1 need n o t  b e  performed each t ime  i t  i s  
d e s i r e d  t o  perform S t e p  2 .  Oncc the v a l i d  upper l i m i t  of v o l t a g e  
i s  e s t a b l i s h e d ,  a c c e l e r a t e d  tests on t h a t  p a r t  can b e  performed 
economical ly  t o  d e t e r m i n e  q u a l i t a t i v e l y  t h e  c a p a b i l i t y  f o r  t h e  
r e q u i r e d  l i f e  t i m e .  I f  d e s i r e d ,  t h e  c a p a b i l i t y  of a  p a r t i c u l a r  
p roduc t ion  l o t  can be  v e r i f i e d .  S t e p  1 need o n l y  b e  performed 
when t h e  v a l i d  upper l i m i t  i s  unknown, and r e p e a t e d  o n l y  i f  a  
s i g n i f i c a n t  change i n  d e s i g n ,  p r o c e s s e s ,  o r  m a t e r i a l s  i s  made. 
The q u a l i t a t i v e  approach,  us ing  one group of p a r t s  f o r  S t e p  2 ,  
can a l s o  b e  v a l u a b l e  i n  comparing t h e  r e l a t i v e  r e l i a b i l i t y  o r  
l o n g e v i t y  of two o r  more a v a i l a b l e  p r o d u c t s .  Weibul l  a n a l y s e s  o f  
t e s t s  performed on samples of each p roduc t  would show t h e  r e l a t i v e  
r e l i a b i l i t y  i n  comparison w i t h  one a n o t h e r .  
3 .  Sc reen ing  
The s c r e e n i n g  requ i rements  of MIL-C-39003 and MIL-C-39006 (Level  
P o r  g r e a t e r ) ,  a r e  cons idered  adequa te  f o r  most h i g h  r e l i a b i l i t y  
a p p l i c a t i o n s .  However, f o r  h i g h e s t  q u a l i t y ,  i t  i s  recommended 
t h a t  a  100% r a d i o g r a p h i c  i n s p e c t i o n  of a l l  p a r t s  purchased t o  t h e s e  
s p e c i f i c a t i o n s  be  made i n  accordance w i t h  comprehensive i n s p e c t i o n  
c r i t e r i a  such  a s  e x i s t s  i n  MSFC STD 355. I n  a d d i t i o n ,  i t  i s  rec -  
ommended t h a t  a n a l y s i s  of a l l  l o t  p a r a m e t r i c  d a t a  be  reviewed 
a g a i n s t  a  s u i t a b l e  o u t l i e r  c r i t e r i o n .  P a r t s  having paramete rs  
s i g n i f i c a n t l y  d i f f e r e n t  from t h e  o t h e r s  w i t h i n  t h e  same l o t  a r e  
s u s p e c t s ,  even i f  they a r e  w i t h i n  s p e c i f i c a t i o n  l i m i t s .  They must 
be  c o n s i d e r e d  abnormal i f  they  e x h i b i t  abnormal c h a r a c t e r i s t i c s .  
There  i s  no sound o u t l i e r  c r i t e r i o n  e s t a b l i s h e d  on t h e  b a s i s  of 
t e s t  d a t a  r e l a t i n g  d e g r e e  of abnormal i ty  t o  r e l i a b i l i t y .  A sub- 
j e c t i v e  approach of reviewing d a t a  and r e j e c t i n g  p a r t s  by judgment 
i s  n o t  recommended, S t a t i s t i c a l  d a t a  a n a l y s i s  by computer i s  more 
a c c u r a t e  and f a s t e r .  One c r i t e r i o n  used is  t o  r e j e c t  a l l  p a r t s  
having v a l u e s  beyond t h r e e  sigma l i m i t s  of t h e  l o t  mean v a l u e ,  
based on assumption of normal d i s t r i b u t i o n .  An o u t l i e r  c r i t e r i o n  
based on t h e  p r o b a b i l i t y  t h a t  t h e  t e s t e d  p a r t  does  n o t  belong t o  
t h e  group i s  p r e f e r r e d .  Such a  c r i t e r i o n  was used by JPL and is  
d e s c r i b e d  i n  t h e i r  R e l i a b i l i t y  Engineer ing Document No. 15-1, 
"Program S p e c i f i c a t i o n s  f o r  Component P a r t s  Screen ing  Data Reduc- 
t i o n  Systems". 
Burn-In 
The survey  r e s u l t s  l i s t e d  i n  Tab le  5 i n d i c a t e  t h a t  many u s e r s  of 
tailtalurn c a p a c i t o r s  have i n c r e a s e d  t h e i r  burn-in (o r  v o l t a g e  con- 
d i t i o n i n g )  requ i rements  beyond t h o s e  e x i s t i n g  i n  MIL-C-39003 and 
MIL-C-39006, I&. i s  reconiliiencled t h a t  f o r  long  l i f e  programs, t h e  
burn- in  requirement  f o r  a i l  tancajum capac i to r s  Le 240 h o u r s  m i = =  
imurn, a t  ra ted  85"C v o l t a g e ,  a t  8 5 " ~ .  C o n s i d e r a t i o n  shou ld  b e  
g i v e n  t o  i n c r e a s i n g  t h e  v o l t a g e ,  and t h e r e b y  reduc ing  t h e  t i m e ,  
b u t  t h i s  shou ld  be  based on d a t a  o b t a i n e d  from t e s t s  such  as t h o s e  
d e s c r i b e d  i n  P a r a  D . 2 .  I f  such  d a t a  i s  o b t a i n e d ,  Weibu l l  a n a l y s e s  
may t h e n  b e  p o s s i b l e  from a c c e l e r a t e d  burn- in  t e s t s  on each l o t .  
I n  Refe rence  1 5 ,  a r e l a t i o n s h i p  i s  brought  o u t  between r e l i a b i l i t y  
of t an ta lum c a p a c i t o r s  and t h e  d e l t a  changes i n  c a p a c i t a n c e  and 
l e a k a g e  d u r i n g  l i f e  t e s t s .  Many of t h e  u s e r s  surveyed have a l s o  
imposed t i g h t  d e l t a  l i m i t s .  It is  recommended t h a t  t i g h t e n e d  
d e l t a  l i m i t s  d u r i n g  burn- in  b e  imposed on a l l  c a p a c i t o r s  a p p l i e d  
i n  l o n g - l i f e  m i s s i o n s .  A s  t h e r e  is no q u a n t i t a t i v e  d a t a  r e l a t i n g  
burn- in  d e l t a  l i m i t s  t o  f a i l u r e  r a t e ,  t h e  a b s o l u t e  v a l u e s  r e q u i r e d  
cannot  b e  p r e s e n t l y  d e f i n e d .  The d e l t a  l i m i t s  shou ld  b e  chosen i n  
c o o r d i n a t i o n  w i t h  s u p p l i e r s  t o  e s t a b l i s h  v a l u e s  which are r e a s o n a b l e  
and a s s u r e  procurement of t h e  most s t a b l e  p a r t s .  F u r t h e r ,  of t h e  
p a r t s  r e c e i v e d ,  i t  i s  recommended t h a t  t h o s e  w i t h  t h e  h i g h e s t  s t a -  
b i l i t y  b e  used  i n  f l i g h t  hardware ,  w h i l e  t h o s e  w i t h  l o w e s t  s t a b i -  
l i t y  b e  used i n  development,  b readboard ,  and q u a l i f i c a t i o n  hardware ,  
E ,  PROCESS CONTROL REQUIRmENTS 
1. M a t e r i a l  
The t an ta lum powder used i n  p r o c e s s i n g  of s i n t e r e d  s l u g  d e v i c e s  
shou ld  be of t h e  h i g h e s t  p u r i t y .  Contaminants w i l l  l e a d  t o  o x i d e  
d e f e c t s .  Much a t t e n t i o n  h a s  been p a i d  t o  t h i s  problem i n  t h e  
p a s t ,  and t h e  s u p p l i e r s  of t a n t a l u m  powder have been p r o v i d i n g  
a d e q u a t e  p u r i t y  f o r  some t ime .  S p h e r i c a l  shaped g r a i n s  were 
though t  a t  one  t i m e  t o  b e  s u p e r i o r  t o  i r r e g u l a r l y  shaped g r a i n s ,  
b u t  i n v e s t i g a t i o n s  have shown t h i s  no t  t o  b e  s i g n i f i c a n t .  Care  
must b e  t a k e n  d u r i n g  subsequent  p r o c e s s i n g  of  b o t h  f o i l  and s i n -  
t e r e d  t y p e  d e v i c e s  t o  p r e v e n t  contaminants  on t h e  s u r f a c e  and j u s t  
under t h e  s u r f a c e  where a n o d i z a t i o n  i s  t o  t a k e  p l a c e .  I n  f o i l  
c a p a c i t o r s ,  con taminan t s  i n  e l e c t r o l y t e  o r  paper  s e p a r a t o r  cou ld  
cause  g a s s i n g  r e s u l t i n g  i n  f o i l  s e p a r a t i o n .  
Green P e l l e t  Format ion 
The t y p e  and c o n s i s t e n c y  of b i n d e r  used i n  m i x t u r e  w i t h  t h e  t an -  
ta lum powder can  c o n t r i b u t e  t o  contaminat ion-caused o x i d e  d e f e c t s .  
Contaminants i n  t h e  b i n d e r  i t s e l f  a r e  o n e  s o u r c e ,  and can b e  pa r -  
t i c u l a r l y  t roublesome i f  they  a r e  n o n v o l a t i l e .  The b i n d e r  and 
t an ta lum m i x t u r e  shou ld  p r o v i d e  p roper  l u b r i c a t i o n  of t h e  forming 
d i e  s o  t h a t  con tamina t ion  by d i e  wear p r o d u c t s  i s  minimized.  Var- 
i o u s  b i n d e r s  and f o r m a t i o n  p r o c e s s e s  a r e  used w i t h  e q u a l  s u c c e s s .  
The anode l e a d  may b e  i n s e r t e d  a t  t h i s  t ime  o r  welded t o  t h e  s l u g  
i n  a l a t e r  s t e p  a f t e r  s i n t e r i n g .  Both p rocedures  a r e  e q u a l l y  ac- 
c e p t a b l e .  / 
3 .  S i n t e r i n g  
The f i r s t  s t e p  i n  t h e  s i n t e r i n g  p r o c e s s  ( p r e - s i n t e r i n g )  d r i v e s  o f f  
t h e . b i n d e r .  The t e m p e r a t u r e ,  t e m p e r a t u r e  r a t e s ,  vacuum, and dura- 
t i o n  should  b e  such  t h a t  t h e  b i n d e r  i s  removed i n  such  a  f a s h i o n  
t h a t  t h e  s l u g  i s  n o t  p h y s i c a l l y  d i s t u r b e d  and i s  homogenous i n  
d e n s i t y  and p o r o s i t y .  The second s t e p  c o n s i s t s  of  t h e  a c t u a l  s i n -  
t e r i n g ,  and a g a i n  t h e  t e m p e r a t u r e s ,  r a t e s ,  and d u r a t i o n s  shou ld  
b e  such  t h a t  a  homogeneously porous  b u t  a  mechan ica l ly  sound s t r u c -  
t u r e  r e s u l t s .  The s i n t e r i n g  shou ld  a l s o  p r o v i d e  complete  removal 
of remaining b i n d e r  a s  well a s  any o t h e r  contaminants  t h a t  may b e  
on t h e  s u r f a c e  of t h e  s l u g .  
Most of t h e  defects  o r i g i n a t i n g  d u r i n g  t h e  a n o d i z a t i o n  p r o c e s s  
a r e  mechanical  damage i n  hand l ing  t h e  s l u g s  and welding t o  f i x -  
t u r e s .  There  i s  c o n s i d e r a b l e  l a t i t u d e  i n  r a t e s ,  s o l u t i o n s ,  tem- 
p e r a t u r e s ,  e t c .  When t h e  f i n a l  forming v o l t a g e  is  reached ,  t h e  
s l u g  shou ld  b e  r e t a i n e d  a t  t h a t  v o l t a g e  s u f f i c i e n t l y  l o n g  t o  a l low 
thorough and complete o x i d a t i o n  throughout  t h e  porous  body. 
5. P y r o l y s i s  
The p r e p a r a t i o n  of Mn02 on t h e  s l u g  shou ld  b e  performed a  s u f f i -  
c i e n t  number of t imes  t o  a s s u r e  complete  impregnat ion.  T h i s  w i l l  
p r o v i d e  maximum c a p a c i t a n c e  and a s s u r e  a v a i l a b i l i t y  of d i o x i d e  f o r  
h e a l i n g .  There  shou ld  b e  adequa te  Mn02 on t h e  s u r f a c e  of t h e  s l u g  
a l s o  t o  a s s u r e  a v a i l a b i l i t y  of d i o x i d e  t o  h e a l  s u r f a c e  d e f e c t s .  
Handling d u r i n g  reforming must be  performed c a r e f u l l y  t o  p r e v e n t  
damage and t h i n  s p o t s  i n  t h e  manganese d i o x i d e .  A f t e r  carbon 
c o a t i n g  and a p p l i c a t i o n  of t h e  s i l v e r  p a i n t ,  any f l u x e s  o r  b i n d e r s  
shou ld  b e  thoroughly cured o u t .  
Handling 
I n  a d d i t i o n  t o  t h e  requirement  f o r  c a r e f u l  h a n d l i n g  t o  p r e v e n t  
con tamina t ion  d e f e c t s  a s  no ted  above,  c a r e f u l  hand l ing  i s  r e q u i r e d  
t o  p r e v e n t  p h y s i c a l  damage. Even s m a l l  a b r a s i o n s  p r i o r  t o  anodiza-  
t i o n  cou ld  cause  ox ide  d e f e c t s .  Sharp p r o j e c t i o n s  could  cause  
h i g h  f i e l d  s t r e s s e s  r e s u l t i n g  i n  c r y s t a l l i n e  o x i d e  which could  
s p r e a d .  A f t e r  a n o d i z a t i o n ,  t h e  o x i d e  i t s e l f  i s  s u s c e p t i b l e  t o  
p h y s i c a l  damage. T h e r e f o r e ,  t h e  p r o c e s s e s  such  a s  forming f o i l  
i n t o  r o l l s ,  i n s e r t i n g  r o l l s  and s l u g s  i n t o  c a n s ,  e t c ,  must be  
c a r e f u l l y  performed t o  avo id  d i e l e c t r i c  damage. 
Assembly 
The o p e r a t i o n  of a t t a c h i n g  t h e  s o l i d  s l u g  t o  t h e  can r e q u i r e s  pro-  
p e r  t empera tu res  and s o l d e r  q u a n t i t i e s  t o  p r o v i d e  r e l i a b l e  adhe- 
s i o n .  Excess s o l d e r  and h e a t  can l e a d  t o  s o l d e r  b a l l s  and con- 
d i t i o n s  l e a d i n g  t o  s h o r t  c i r c u i t s .  I n s u f f i c i e n t  s o l d e r  o r  h e a t  
w i l l  c r e a t e  poor w e t t i n g ,  poor mechanical  s t r e n g t h ,  and /or  h igh  
r e s i s t a n c e  c o n t a c t .  The o t h e r  assembly o p e r a t i o n s  such a s  s e a l i n g  
and l e a d  a t t achment  can l e a d  t o  e a r l y  f a i l u r e s  i f  n o t  p r o p e r l y  
performed.  
General 
Many of t h e  p r o c e s s e s  c r i t i c a l  t o  performance of t a n t a l u m  capac- 
i t o r s  a r e  p r o p r i e t a r y .  It i s  necessa ry  t h a t  t h e y  b e  under good 
c o n t r o l  by t h e  manufac tu re r  t o  a s s u r e  r e p e t i t i v e  and con t inued  
p r o d u c t i o n  of r e l i a b l e  p r o d u c t s .  Most of t h e  p r o c e s s e s  r e s u l t  
i n  e a s i l y  d e t e c t a b l e  c h a r a c t e r i s t i c s  changes when o u t  of c o n t r o l  
and g e n e r a l l y  a f f e c t  y i e l d .  A summary of c r i t i c a l  process lmate-  
r ia ls  and t h e  e f f e c t s  of i n a d e q u a t e  c o n t r o l  i s  p r e s e n t e d  i n  Tab le  
6. 

I?. PARTS L I S T  
1. Accep tab le  
The t a n t a l u m  f o i l  and s o l i d  e l e c t r o l y t e  c a p a c i t o r s  made t o  s p e c i -  
f i c a t i o n s  MIL-C-39006 and MIL-C-39003 a r e  s c c e p t a b l e  f o r  long l i f e  
a p p l i c a t i o n s .  Sc reen ing  shou ld  be  modif ied  p e r  t h e  g u i d e l i n e s  i n  
P a r a  B . 4 .  A l l  c a p a c i t o r s  must b e  h e r m e t i c a l l y  s e a l e d .  The ac- 
c e p t a b l e  t a n t a l u m  f o i l  c a p a c i t o r s  a r e  l i s t e d  i n  Tab le  7 ,  and t h e  
s o l i d  e l e c t r o l y t e  c a p a c t o r s  i n  T a b l e  8 .  These p a r t s  a r e  i d e n t i c a l  
t o  t h e  P r e f e r r e d  P a r t s  f o r  Space S h u t t l e  l i s t e d  i n  MSFC s p e c i f i c a -  
t i o n  85M03936. 
2 .  Unacceptable  
Wet s l u g  t a n t a l u m  c a p a c i t o r s  a r e  no t  a c c e p t a b l e  f o r  long  l i f e  ap- 
p l i c a t i o n s  a t  t h i s  t ime .  Nonhermetic t a n t a l u m  c a p a c i t o r s  and a l l  
t an ta lum c a p a c i t o r s  n o t  meet ing t h e  minimum P  l e v e l  r equ i rements  
of MIL-C-39003 and MIL-C-39006 a r e  n o t  a c c e p t a b l e .  W e t  s l u g s  may 
become a c c e p t a b l e  on development of t h e  t a n t a l u m  cased c a p a c i t o r .  
17ab Ze 7 Acceptab Ze TantaZml Foil Capacitors 
Etched F o i l ,  25 20 200 
CER 27 30 18 170 
50 10  80 
75 6 50 
100 4 35 
150 2 18 
Polar ized ,  15 18 160 
P l a i n  Fo i l ,  25 1 2  100 
CLR 35 30 1 0  85 
35 -- 68 
50 6 55 
75 4 40 
100 3 30 
150 2 20 
200 1.5 95 
250 102 12 
300 190 10  
375 0,82 8,2 
450 Qe56 $06 
Non-Polarized 15 1 0  100 
P l a i n  Fo i l ,  25 6.0 60 
37 30 5.5 455 
50 3 e Q  30 
75 250 20 
 as^ 1.5 15 
150 1 0 0  bO 
I 200 0,75 755 
250 0,60 6 , O  
3QQ 054'7 48'7 
375 0e.39 3*9 
Note - Both 
-
hermetic and 
non-hermetic 
s e a l s  are ava i l -  
ab le  t o  the  
applicable de- 
tall speci f ica-  
t ions .  
t h e  hermetic 
s e a l  types a r e  
approved* 
Order t o  faAl- 
w e  r a t e  "I?'" 
l o r  better .  
T ~ t a t l ~ m  ca- 
p a c i t o r s  are 
are l i lPi ted as 
a function of 
temperature, 
voltage and 
r i p p l e  cusssnt ,  
'i'd~ lc? N A ccep tab %e Solid EZeetroZy te ?'ilntalu?ri Cc~1:iac.i tors 
E l e c t r i c a  
Chwacter$stics Spec i f i ca t ion  
Order t o  fa i lwe 
r a t e  Level $'Pw 
or  be t t e r ,  
These pwts muet 
be X-rayed per 
IJrsPC-STD-355 e 
These g a t s  m w t  
have a s f f e c ~  
tivs series 
Limit ing re- 
sistance of 3 
ohms per volt, 
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INTRODUCTION 
Elec t romechan ica l  r e l a y s  (EMR) have n o t  reached t h e  l e v e l  of r e l i -  
a b i l i t y  of s o l i d - s t a t e  d e v i c e s .  I f  t h a t  l e v e l  of r e l i a b i l i t y  is  
r e q u i r e d ,  s o l i d - s t a t e  r e l a y s  must be  used. C i r c u i t  d e s i g n ,  power 
sys tems,  the rmal  sys tems ,  w e i g h t ,  e t c . ,  must b e  a d j u s t e d  f o r  SSR 
use .  
E lec t romechan ica l  r e l a y s  can b e  made more r e l i a b l e ,  T h i s  c h a p t e r  
w i l l  p r e s e n t  t h e  b e s t  methods i n  u s e  today and s u g g e s t  methods 
which can b e  used i n  t h e  f u t u r e .  The emphasis is  on l o n g  c a l e n d a r  
l i f e ,  a l though  most methods app ly  t o  l o n g  c y c l e  l i f e  a s  w e l l .  
A t y p i c a l  e l e c t r o m e c h a n i c a l  r e l a y  i s  shown i n  F i g u r e  1, The legend 
o r  p a r t s  l i s t  f o r  F i g u r e  1 is p r e s e n t e d  i n  Tab le  1. 
B .  GUIDELINES FOR LONG-LIFE ASSURANCE 
The f o l l o w i n g  g u i d e l i n e s  a r e  in tended  t o  produce t h e  most r e l i a b l e  
r e l a y  p o s s i b l e .  S i n g l e  t h r e a d  r e l i a b i l i t y  f o r  any g iven  t ime i s  
low. Relay redundancy must be  used f o r  h i g h - r e 1  a p p l i c a t i o n s .  
The c h i e f  o b s t a c l e  t o  s i n g l e  r e l a y  r e l i a b i l i t y  i s  con tamina t ion .  
Even i f  c l e a n i n g  p r o c e s s e s  could  e l i m i n a t e  a l l  o u t g a s s i n g  and a l l  
p a r t i c u l a t e s ,  t h e  problem of i n t e r n a l  g e n e r a t i o n  of p a r t i c l e s ,  due 
t o  mechanical  and e l e c t r i c a l  wear ,  i s  s t i l l  t h e r e .  The o t h e r  major  
o b s t a c l e  is  t h e  vacuum environment of s p a c e  w i t h  which e l e c t r o -  
mechanical  d e v i c e s  a r e  i n h e r e n t l y  incompat ib le .  The f a c t  t h a t  t h i s  
i s  a  secondary problem p o i n t s  t o  p r e s e n t ~ s u c c e s s  i n  t e c h n i q u e  t o  
main ta in  e a r t h  environment i n  space .  
Design Guide l ines  
Design c r i t e r i a  a r e  b o t h  a p p l i c a t i o n  independent  and a p p l i c a t i o n  
dependent .  The c r i t e r i a  a r e  p r e s e n t e d  under t h e s e  two group ings .  
ej 
Figure 2 Typical.  Amnature Relay (1/2 Crystal  Can/,  
Tab Ze 1 Parts L i s t  for Figure 2 
Typica l  Armature Re lay  Design 
ITEM 
-
ImM NAME 
Bobbin 
Magnet Wire 
Core 
I n s u l a t i n g  Wrap 
P o l e  P i e c e  
Pusher  
Frame 
Movable Contac t s  
I n s u l a t i o n  Pad 
P lug  
Case 
I n s u l a t i n g  Fi lm 
I n s u l a t i n g  Thread 
R e i n f o r c i n g  Lead 
Back S top  
Re turn  S p r i n g  
Armature 
P i v o t  
S t a t i o n a r y  Contac t s  
Header 
a .  Desigiz GuideZines Application Independent 
1 )  Hermetic Seal - Relays  shou ld  be  h e r m e t i c a l l y  s e a l e d  f o r  min- 
imum l e a k a g e .  E l e c t r o n  beam welding should b e  used .  T h i s  t y p e  
s e a l  h a s  t h e  l e a s t  l e a k a g e  and i n t r o d u c e s  p r a c t i c a l l y  z e r o  con- 
t amina t ion .  
2) Arcing - Minimize a r c i n g  i n  d e s i g n  by i n c r e a s i n g  c o n t a c t  gap 
and open ing /c los ing  speed .  Th is  d e s i g n  requ i rement  t a k e s  prece- 
dence over  m i n i a t u r i z a t i o n .  
3 )  Contact Action - Contac t s  shou ld  be  des igned  f o r  a  p a r t i a l  
wiping a c t i o n .  P a r t i a l  wip ing  (0.003") w i l l  c l e a n  t h e  c o n t a c t s  
of s m a l l  p a r t i c l e s ,  polymers and o x i d e s .  
4) Motor Force - The motor should  be  des igned w i t h  a  20% f o r c e  
margin a t  minimum o p e r a t i n g  c o n d i t i o n s .  Force  margin above 20% 
does n o t  i n c r e a s e  r e l i a b i l i t y .  
5 )  Getter - Do n o t  u s e  a  g e t t e r .  I f  c l e a n i n g  p r o c e s s e s  and mate- 
r i a l  s e l e c t i o n  r e q u i r e  a g e t t e r ,  t h e  r e l a y  i s  n o t  a  h igh- re1  r e l a y .  
I n  a d d i t i o n ,  g e t t e r s  a r e  a  s o u r c e  of p a r t i c u l a t e  contaminat ion.  
- - 
6 )  Pin Seal - Use compression g l a s s  f o r  p i n  s e a l .  To minimize 
s u s c e p t i b i l i t y  t o  c r a c k i n g ,  undercu t  t h e  f r o n t  and back s i d e  of 
header .  Th i s  w i l l  puddle  t h e  g l a s s  and p r e v e n t  m i n i s c u l e  c reep .  
7) Buil t - In  Deviees - Do n o t  u s e  b u i l t - i n  d e v i c e s  f o r  a c  r e c t i -  
f i c a t i o n  ( c o i l )  o r  induced v o l t a g e  s u p p r e s s i o n .  These a d d i t i o n a l  
components d e c r e a s e  r e l i a b i l i t y  through p a r t i c l e  con tamina t ion  
and o u t g a s s i n g .  
8) Armature - Use balanced c l a p p e r  a rmature  d e s i g n .  Although 
o t h e r  d e s i g n s  appear  t o  have h i g h e r  r e l i a b i l i t y  p o s s i b i l i t i e s  (sus-  
pended, r o t a r y ,  d iaphragm),  each e x h i b i t s  a  weakness which r e s u l t s  
i n  l e s s  r e l i a b i l i t y  ( s h o c k / v i b r a t i o n ,  p a r t i c u l a t e  s u s c e p t i b i l i t y ,  
hydrocarbon o u t g a s s i n g ) .  
b . Design Guide l ines  App Zication Dependent 
I )  Contact Material 
a )  For d r y  c i r c u i t  t o  i n t e r m e d i a t e  l o a d s ,  u s e  g e l d  p l a t i n g  on con- 
t a c t s .  The s o f t n e s s  and i n e r t n e s s  of go ld  reduces  s u s c e p t i -  
b i l i t y  t o  f i l m  con tamina t ion ,  which is  t h e  primary problem i n  
t h i s  Load range .  
b )  For i n t e r m e d i a t e  t o  h i g h  l o a d s ,  u s e  pa l l ad ium f o r  c o n t a c t  ma- 
t e r i a l ,  The h a r d n e s s ,  h i g h  m e l t i n g  p o i n t  and r e l a t i v e l y  in -  
e r t  p r o p e r t i e s  reduce  t h e  s u s c e p t i b i l i t y  t o  m a t e r i a l  t r a n s f e r ,  
e r o s i o n  and carbon g e n e r a t i o n  which i s  t h e  pr imary problem a t  
h i g h e r  l o a d s .  
(Note: Load a p p l i c a t i o n  ( r e s i s t i v e ,  motor ,  lamp) and t h e  
number of c y c l e s  which w i l l  b e  r e q u i r e d  must b e  ana lyzed  c a r e -  
f u l l y  b e f o r e  t h e  c h o i c e  is  made f o r  h i g h e s t  r e l i a b i l i t y .  The 
cu t -o f f  p o i n t  i s  approximately  two amperes.)  
2) Arcing - Arc s u p p r e s s i o n  c i r c u i t  d e s i g n  w i l l  a f f e c t  gap,  c l o s -  
ing /open ing  speed ,  c o n t a c t  m a t e r i a l  and p h y s i c a l  s i z e  of r e l a y .  
This  must b e  cons idered  i n  p a r a l l e l  w i t h  r e l a y  d e s i g n  paramete rs .  
3) Dual-Chamber Relays - The dual-chamber r e l a y  is recommended 
because  i t  i s o l a t e s  r e l a y  c o n t a c t s  from polymers.  A s  polymers 
p r i m a r i l y  a f f e c t  l i g h t  c i r c u i t s ,  and t h e r e f o r e  s m a l l  r e l a y s ,  t h e i r  
u s e  is  l i m i t e d  t o  t h i s  a p p l i c a t i o n  range ,  i . e .  l e s s  t h a n  5 amperes.  
The c o s t  of d u a l  chamber r e l a y s  v e r s u s  p a r a l l e l  r e l a y s  may be  pro- 
h i b i  t i v e ,  
4 )  Bifurcated Contacts - B i f u r c a t e d  c o n t a c t s  a r e  recommended a t  
low and i n t e r m e d i a t e  c u r r e n t  r a n g e s  s i n c e  t h e  c o n t a c t  p r e s s u r e  
t r a d e o f f  i s  more r e l i a b l e .  Also,  c e r t a i n  c i r c u i t  a p p l i c a t i o n s  a r e  
s e n s i t i v e  t o  c o n t a c t  bounce. The d u a l  c o n t a c t  can b e  a d j u s t e d  f o r  
s e p a r a t e  resonances ,  and v i r t u a l l y  e l i m i n a t e  energy f l u c t u a t i o n .  
5) Spark Arrester - The s p a r k  a r r e s t e r  i s  u s e f u l  i n  h i g h  l o a d ,  
many c y c l e  a p p l i c a t i o n s .  However, i t  i s  a p a r t i c l e  and gaseous  
contaminant  g e n e r a t o r ;  and t h e  r e l i a b i l i t y  t r a d e o f f  must b e  made 
f o r  con tamina t ion  f a i l u r e  v e r s u s  c o n t a c t  t o  c a s e  s h o r t i n g  f a i l u r e .  
It i s  recommended f o r  a  l a r g e  number of c y c l e s  and n o t  recommended 
f o r  a low number of c y c l e s ,  Approximately 100,000 c y c l e s  i s  t h e  
cut-off  p o i n t  ( l i f e ) ,  
6) Backf i l l  Gas - The t r a d e o f f  invo lved  w i t h  b a c k f i l l  g a s  is: 
i n e r t  g a s  v e r s u s  a  g a s  w i t h  some oxygen f o r  l u b r i c a t i o n .  Unfor- 
t u n a t e l y ,  oxygen enhances polymer fo rmat ion  i n  a d d i t i o n  t o  be ing  
an  o x i d i z e r .  Smal l -u l t ra -c lean-s ing le -cav i ty - re lays  should u s e  
oxygen. Smal l  dual-chamber r e l a y s  should u s e  oxygen i n  t h e  con-- 
t a c t  chamber. These r e l a y s  a r e  more s u s c e p t i b l e  t o  s t i c k i n g  from 
s e l f - a d h e s i o n  due t o  t h e  s m a l l  motor f o r c e s  and t h e  nob le  m e t a l s  
used on c o n t a c t s ,  There  i s  some ev idence  t h a t  oxygen i n  l a r g e r  
r e l a y s  is  e f f e c t i v e  i n  reduc ing  wear and p a r t i c l e  con tamina t ion ,  
b u t  i t  is n o t  c o n c l u s i v e ,  
---I 
Process  C o n t r o l  Guide l ines  
a .  Coil - C o i l  w i r e  l u b r i c a n t  i s  a major  c a u s e  of hydrocarbon 
con tamina t ion .  Wind t h e  c o i l ,  u s i n g  d r y  w i r e .  Th i s  can  be  done 
by immersing t h e  s p o o l  i n  a  b a t h  of t r y c h l o r e t h y l e n e  and wiping 
t h e  s t r a n d  d u r i n g  winding.  
b. Winding - C o i l  w i r e  shou ld  b e  p r e t e n s i o n e d  d u r i n g  winding 
o p e r a t i o n s  a t  j u s t  below t h e  e l a s t i c  l i m i t .  Scramble wound i s  
p r e f e r r e d ,  a s  s p a c e  f a c t o r  i s  j u s t  under  l a y e r  wound, and i t  i s  
easy .  
c. Component CZeaning - A l l  subassembly components (a rmature ,  
f rame,  can ,  c o n t a c t s ,  h e a d e r ,  p i n s ,  bobbin,  s p r i n g s  and p i n s )  
shou ld  b e  c leaned  p r i o r  t o  assembly.  The recommended c l e a n i n g  
p r o c e s s  is  u l t r a s o n i c  t r y c h l o r e t h y l e n e ,  GN2 d r y i n g ,  u l t r a s o n i c  
a l c o h o l ,  GN2 d r y i n g ,  u l t r a s o n i c  d i s t i l l e d  w a t e r  fo l lowed by GN2 
d r y i n g .  
d.  Handling - A l l  handling/moving of components and subassembl ies  
shou ld  be  done w i t h  t h e  components s e a l e d  i n  a p l a s t i c  bag.  
e .  Degassing - A l l  r e l a y s  should b e  s u b j e c t e d  t o  a  h i g h  temper- 
a t u r e ,  h i g h  vacuum d e g a s s i n g  p r o c e s s .  The vacuum should  be  less 
t h a n  5 mm Hg, and t h e  t empera tu re  a t  200°C f o r  4 hours  minimum. 
A t  l e a s t  one GN2 purge  c y c l e  i s  recommended. The hydrocarbon out-  
g a s s i n g  which condenses on t h e  chamber w a l l s  shou ld  b e  c leaned  
a f t e r  each b a t c h  p r o c e s s i n g .  
f. Sealing - The e v a c u a t i o n  h o l e  should be  s e a l e d  w i t h  a p lug ,  
e l e c t r o n  beam welded i n t o  p l a c e  BEFORE REMOVING FROM BACKFILL 
CHAMBER. 
g. Plating - P l a t i n g  is a  major s o u r c e  of m e t a l l i c  contaminants .  
Avoid p l a t i n g ,  i f  p o s s i b l e .  The p l a t i n g  m a t e r i a l ,  e l e c t r o l y t e ,  
t empera tu re ,  t i m e ,  e t c . ,  shou ld  be  v e r y  p r e c i s e l y  c o n t r o l l e d .  I n  
a d d i t i o n ,  samples shou ld  b e  analyzed from EVERY p l a t i n g  l o t  t o  
a s s u r e  u n i f o r m i t y ,  adhes ion  and p o r o s i t y  of p l a t i n g .  
h.  Raw Materials - A11 incoming raw m a t e r i a l s  s h a l l  b e  s u b j e c t e d  
t o  q u a n t i t a t i v e  and q u a l i t a t i v e  a n a l y s i s  t o  a s s u r e  conformi ty .  
Do n o t  h e s i t a t e  t o  r e j e c t  incoming m a t e r i a l s .  
Test  Guidel ines  
a. Quali f ication Testing - Q u a l i f i c a t i o n  t e s t i n g  should s u b j e c t  
t h e  r e l a y  t o  25% environmental o v e r s t r e s s  cond i t i on ,  whi le  moni- 
t o r i n g  r e l a y  parameters f o r  out-of- l imit  condi t ions  and uni formi ty .  
Q u a l i f i c a t i o n  t e s t i n g  l i m i t s  a r e  e s t ab l i shed  by use r  a p p l i c a t i o n .  
b. Screening Tes t s  - Standards f o r  sc reening  t e s t s  of a l l  r e l a y s  
have been e s t a b l i s h e d .  Since many documents d e s c r i b e  these  i n  
d e t a i l ,  they a r e  l i s t e d  below without  a d d i t i o n a l  d e s c r i p t i o n .  
1) Pre-Adjust Run-In - 5000 cyc les  w i th  no con tac t  load p r i o r  t o  
con tac t ,  con tac t  s p r i n g ,  armature gap, armature spr ing  adjustment .  
2 )  Pre-Can Visual - 100% inspec t ion  f o r  p a r t i c u l a t e s  p r i o r  t o  
canning a t  10X magni f ica t ion .  
3 )  Parmi?ter Tes t s  - 
- Contact r e s i s t a n c e  
- Coil  c u r r e n t  
- Dc c o i l  r e s i s t a n c e  
- Pickup and dropout vo l t age  (ambient, 23OC) 
- Operate and r e l e a s e  t imes 
- D i e l e c t r i c  s t r e n g t h  (vol tage)  
- I n s u l a t i o n  r e s i s t a n c e  
- Leak t e s t ,  g ross  and f i n e  
- M i s s  t e s t  (run-in t e s t )  
- Mechanical t e s t s  (shock, v i b r a t i o n ,  acce l e ra t ion )  
- Visual  i n spec t ion  
c .  Additional Recommended Tests  
1) Shock, Vibration and Acceleration - 100% shock, v i b r a t i o n  and 
a c c e l e r a t i o n  a t  s p e c i f i e d  l e v e l s .  
2) Lot Smnpling 
- 5% of each l o t  be  s u b j e c t e d  t o  q u a l i f i c a t i o n  l e v e l  ( d e s t r u c -  
t i v e )  t e s t i n g  
- 5% of each l o t  b e  s u b j e c t e d  t o  l o n g  s h e l f  l i f e  t e s t i n g  
3 )  Particle Detection T e s t ( s )  - Two b a s i c  t e s t s  e x i s t  t o  d e t e c t  
p a r t i c u l a t e s .  Both r e q u i r e  t h e  r e l a y  t o  b e  mechan ica l ly  a g i t a t e d .  
- 
I n  one,  t h e  r e l a y  is c y c l e d ,  and t h e  p a r t i c u l a t e  i s  c a p t u r e d  b y  
t h e  a rmature  o r  c o n t a c t s  which produces a  p a r a m e t r i c  anomaly. I n  
t h e  o t h e r ,  t h e  energy r e l e a s e d  by t h e  p a r t i c u l a t e  s t r i k i n g  t h e  
r e l a y  o r  can i s  sensed .  A v a r i a t i o n  of e i t h e r  method i s  t o  a p p l y  
a h i g h  p o t e n t i a l  t o  t h e  c a s e  and moni tor  f o r  a  c a s e  t o  r e l a y  s h o r t .  
A p p l i c a t i o n  G u i d e l i n e s  
a .  Determine Type of Load 
R e s i s t i v e  
I n d u c t i v e  
C a p a c i t i v e  
Motor 
Lamp 
b.  Deternine Type of Power, Co i l  and Load 
Ac, f requency  and number of phases  
c. Analyze Load Level 
Low l e v e l  (d ry  c i r c u i t )  
I n t e r m e d i a t e  l e v e l  
High load l e v e l  
Worst c a s e  load  l e v e l  
t l ,  Define Sfiii tching Requirerne?zt 
Open 
Close  
T r a n s f e r ,  Form C o r  D 
T r a n s f e r  , c e n t e r  o f f  
Double c o n t a c t  ar rangements  of above 
e .  Assure  c i r c u i t  i n  d e s i g n  a l l o w s  minimum s t r e s s  on c o n t a c t s .  
Consider  d e t a i l e d  o p e r a t i o n  of r e l a y  f o r  t h i s .  See examples 
i n  f below. 
f. Application Circuit  Examp les  
Lamp Loads 
Convent ional  High I n r u s h  Recommended Low I n r u s h  C i r c u i t  
Recommended S i n g l e  P o l e  
Recommended M u l t i p l e  Po le  
Resis t ive  AC, Single-Phase 
Recommended On-Of f Switching 115Vac 
Use Bifurcated Contaets t o  Reduce Bounce 
Bifurca ted  Contact 
g .  Hybrid Circui ts  
Example: Reduce opening and c los ing  contac t  t r a n s i e n t s ,  and 
subsequent a r c ing .  
B Closes Before A 
A Opens Before B 
S CR 
LIFE LIMITING PROBLEmS AND SOLUTIONS 
F a i l u r e  Mechanism A n a l y s i s  
The f a i l u r e  modes a r e  f a i l  open,  f a i l  c l o s e d ,  i n t e r m i t t e n t  opera- 
t i o n  and p remature .  The mechanisms c a u s i n g  t h e s e  f a i l u r e  modes 
a r e  p r e s e n t e d  i n  Tab le  2 .  
a .  Yon-Metallic Particulate Contamination - There  a r e  two s o u r c e s  
of non-meta l l i c  p a r t i c u l a t e  con tamina t ion ;  t h o s e  i n t r o d u c e d  i n  t h e  
manufactur ing p r o c e s s ,  and t h o s e  produced by t h e  r e l a y  i t s e l f .  
C lass  100 c l e a n  room c o n d i t i o n s  w i l l  minimize p a r t i c l e s  i n t r o d u c e d  
from assembly p r o c e s s i n g .  P e r i o d i c  c l e a n i n g  d u r i n g  assembly w i l l  
f u r t h e r  r e d u c e  t h e s e  p a r t i c u l a t e s .  A f i n a l  pre-can v i s u a l  inspec-  
t i o n ,  conducted a t  10X m a g n i f i c a t i o n ,  shou ld  r e d u c e  t h e  q u a n t i t y  
t o  e s s e n t i a l l y  z e r o .  
I n t e r n a l  s o u r c e s  a r e  t h e  bobbin,  header  s e a l ,  s p a r k  a r r e s t e r  ( a r c  
s h i e l d ) ,  c o i l  wrap,  l e a d  w i r e  i n s u l a t i o n ,  bobbin w i r e  i n s u l a t i o n  
and a r m a t u r e  head.  The m a j o r i t y  of t h e s e  p a r t i c l e s  a r e  l o o s e  p r i o r  
t o  cann ing .  They may b e  e l i m i n a t e d  by c l e a n i n g  and pre-can inspec-  
t i o n ,  M a t e r i a l  s e l e c t i o n  t o  r e d u c e  s u s c e p t i b i l i t y  t o  p a r t i c l e  
g e n e r a t i o n  must b e  accomplished i n  t h e  i n i t i a l  d e s i g n .  
A f t e r  cann ing ,  s c r e e n i n g  t e s t s  shou ld  b e  used t o  e l i m i n a t e  r e l a y s  
which s t i l l  r e t a i n  l o o s e ,  non-meta l l i c  p a r t i c u l a t e s .  It i s  recom- 
mended t h a t  t h e s e  s c r e e n i n g  tests b e  t h e  l a s t  performed i n  t h e  
e n t i r e  sequence of accep tance  t e s t s ,  
b. Metall ic  Particulate Contamination - The pr imary s o u r c e s  of 
m e t a l l i c  p a r t i c u l a t e s  a r e  t h e  r e l a y  i t s e l f  and i n  t h e  f i n a l  can- 
n ing  p r o c e s s .  Canning p r o c e s s  s o u r c e s  a r e  s o l d e r i n g ,  we ld ing  and 
s e a l i n g .  These p a r t i c u l a t e s  are s o l d e r  b a l l s  o r  s p l a s h ,  welding 
i n t r u s i o n s ,  o r  s l a g .  
The r e l a y  can  produce p a r t i c l e s  from almost  any i n t e r n a l  f e a t u r e ;  
a rmature ,  p i v o t ,  backs top ,  f rame,  s p r i n g s ,  c o n t a c t s ,  l i n k a g e ,  can 
and header .  P l a t i n g  from any of t h e s e  components a r e  a l s o  l a r g e  
c o n t r i b u t o r s  t o  m e t a l l i c  p a r t i c u l a t e  con tamina t ions .  Design and 
p r o c e s s  c o n t r o l  must be  t h e  major c o r r e c t i v e  a c t i o n s  t o  e l i m i n a t e  
t h i s  d e f e c t .  
C
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Screening t e s t s  shou ld  be  performed a f t e r  a l l  o t h e r  a c c e p t a n c e  
t e s t i n g  i s  done. Do n o t  assume s c r e e n i n g  tests d e t e c t  aZZ t h e  
p a r t i c u l a t e s  s i n c e  more w i l l  b e  genera ted  i f  t h e  d e s i g n  a n d / o r  
p r o c e s s  c o n t r o l s  do n o t  f i r s t  produce a component t h a t  is n o t  
prone t o  g e n e r a t i o n .  
c ,  Gaseous Contamination - Contaminat ion of t h e  i n t e r n a l  atmos- 
p h e r e  of t h e  r e l a y  may b e  produced by a  v a r i e t y  of s o u r c e s :  (1) 
t h e  non-meta l l i c  m a t e r i a l s  used i n  t h e  r e l a y  c o n s t r u c t i o n  may con- 
t i n u e  t o  o u t g a s ,  (2) hydrocarbons  may n o t  b e  comple te ly  c leaned  
( c o i l  w i r e  o i l ,  body o i l ,  r o s i n )  and w i l l  o u t g a s  a f t e r  cann ing ,  
(3 )  t h e  b a c k f i l l  gas  chamber may n o t  b e  c l e a n ,  and may con tamina te  
t h e  b a c k f i l l  g a s ,  (4) t h e  b a c k f i l l  g a s  i t s e l f  may c o n t a i n  obnox- 
i o u s  c o n s t i t u e n t s - ,  and (5) e i t h e r  t h e  f i n a l  s e a l i n g  p r o c e s s  may 
i n t r o d u c e  gaseous  con taminan ts ,  o r  t h e  s e a l i n g  may b e  done ou t -  
s i d e  t h e  chamber w i t h  some atmosphere exchange t a k i n g  p l a c e .  
The f a i l u r e s  caused by gaseous  con tamina t ion  a r e :  (1) polymer de- 
p o s i t  on c o n t a c t s  caus ing  h i g h  r e s i s t a n c e  o r  open c o n d i t i o n ,  (2) 
c o n t a c t  o x i d a t i o n  caus ing  h i g h  r e s i s t a n c e  o r  open,  ( 3 )  c o n t a c t  
o r  motor p a r t s  s e l f - a d h e r i n g  ( c a l d  we ld ing)  due t o  l a c k  of appro- 
p r i a t e  l u b r i c a t i n g  g a s ,  (4) wear p a r t i c u l a t e s  genera ted  by motor 
p a r t s  as a  r e s u l t  of l a c k  of l u b r i c a t i n g  g a s ,  (5) v a r i a b l e  con- 
t a c t  r e s i s t a n c e ,  (6)  v a r i a b l e  o p e r a t e  pa ramete rs ,  ( 7 )  f a i l u r e  
t o  o p e r a t e ,  and (8) f a i l u r e  t o  open. 
d ,  ReZaxation of Spring Force - Mechanical  f a t i g u e  and h i g h  tem- 
p e r a t u r e  c a u s e  t h i s  problem. Proper  d e s i g n  i s  t h e  on ly  p r e v e n t i o n ,  
assuming m a t e r i a l  c o n t r o l  s c r e e n s  unaccep tab le  m a t e r i a l .  Loss of 
c o n t a c t  p r e s s u r e  may r e s u l t  i n  c o n t a c t  f a i l u r e  d u e , t o  h i g h  resis- 
t a n c e .  The o p e r a t i n g  f a i l u r e  mechanisms a r e  e x c e s s i v e  c o n t a c t  
bounce,  c o n t a c t  c h a t t e r  and t r a n s f e r .  Pickup and d ropout  t ime  and 
power changes  a r e  symptoms of t h i s  problem. 
e .  Arcing - Some a r c i n g  i s  d e s i r a b l e  f o r  c l e a n i n g  c o n t a c t s .  Severe  
a r c i n g  w i l l  c a u s e  complete c o n t a c t  f a i l u r e ,  o r  even welding of con- 
t a c t s  i n  t h e  open (double throw) and c l o s e d  c o n d i t i o n s .  Proper  de- 
s i g n  is  t h e  on ly  c u r e ,  b u t  i t  must b e  accompanied w i t h  complete  
c i r c u i t  a n a l y s i s .  D e r a t i n g  of t h e  r e l a y  may c u r e  t h e  problem, b u t  
t h e  c o s t  i n  we igh t  and power may b e  e x c e s s i v e .  
Where a r c i n g  cannot  b e  e l i m i n a t e d  o r  minimized,  t h e  a p p l i c a t i o n  
of a  s o l i d - s t a t e  r e l a y  (SSR) o r  h y b r i d  d e v i c e  shou ld  be  s e r i o u s l y  
cons i d  e r  ed . 
2. Design 
a. SeZection C r i t e r i a  - Those d e s i g n  f a c t o r s  which c o n t r i b u t e  t o  
l o n g - l i f e  a r e  enumerated i n  t h e  d e s i g n  g u i d e l i n e s .  P r i o r  t o  choos- 
i n g  an  EMR f o r  a  s w i t c h i n g  c i r c u i t ,  SSR v e r s u s  EMR should  be  ana- 
l y z e d .  An e x c e l l e n t  t r a d e o f f  c r i t e r i a  d i s c u s s i o n  is  p r e s e n t e d  by 
R. S t u a r t  Gibbs i n  t h e  1 9 t h  Annual Relay Conference Proceedings  
of t h e  NARM. A b r i e f  l i s t  of t h e s e  p a r a m e t r i c  comparisons f o l l o w s :  
1 )  L i f e ,  Calendar  and Cycle - D e f i n i t e l y  f a v o r s  t h e  SSR i n  a  
p r o p e r l y  des igned c i r c u i t ;  
2) R e l i a b i l i t y  - Favors t h e  SSR, b u t  SSR must b e  b u i l t  t o  high- 
r e 1  g u i d e l i n e s ;  and t h e  c i r c u i t  p r o p e r l y  des igned ;  
3)  I s o l a t i o n  - EMR c o n t a c t s  have h i g h e s t  i s o l a t i o n ,  and i s  t h e  
l a r g e s t  "plus"  f o r  EMR' s ; 
4)  E M 1  and RFI - SSR h a s  t h e  edge,  a l though  c i r c u i t  d e s i g n  and 
r e l a y  d e s i g n  ( b i f i l a r  c o i l s )  can  be  made comparable;  
5 )  Speed of Opera t ion  - SSR; 
6 )  Operate  Power - SSR; 
7 )  Shock and V i b r a t i o n  - SSR; 
8)  Environment - Hermet ica l ly  s e a l e d  EMR's a r e  e q u a l  t o  SSR's, 
b u t  E M R t s  have a s l i g h t  edge i n  t empera tu re  r a n g e  below -55%C 
and above +125"C; 
9 )  Contact  Vol tage  Drop - EMR, v e r y  l a r g e  "plus"  f o r  E M R t s ;  
1 0 )  T r a n s i e n t  E f f e c t  - EMR; c o i l  on a  r e l a y  i s  p r a c t i c a l l y  imper- 
v i o u s  t o  t r a n s i e n t s  ; 
11)  T  - SSR's l end  themselves  t o  d i r e c t  
i n t e r f  a c e  w i t h  d i g i t a l  c i r c u i t s ;  
1 2 )  Thermal Power D i s s i p a t i o n  - EMR is  much b e t t e r .  L a r g e s t  weak- 
n e s s  of SSR's a r e  t h e i r  i n a b i l i t y  t o  d i s s i p a t e  h e a t ;  
13)  Economics - Today, t h e  JiNR i s  more c o s t  e f f e c t i v e  i n  a given 
a p p l i c a t i o n ;  
14)  S i z e  - SSR i n  m i c r o c i r c u i t s ,  t h e  EMR i n  power c i r c u i t s ,  The 
crossover i s  about  5 amps today (1972);  
1 5 )  Human Engineer ing  - EMR: SSR u s e  must b e  accompanied by con- 
s i d e r a b l e  c i r c u i t  knowledge. The EMR is  f l e x i b l e ,  and more 
f o r g i v i n g  t o  m i s t a k e s .  Th i s  adds a l a r g e  measure of r e l i a b i l -  
i t y  t o  E M R V s ,  
S p e c i f i c  r e l a y  p a r t i c u l a r s  a r e  shown i n  Tab le  3 ,  S e l e c t i o n  C r i t e r i a .  
b .  Survey Results - The u s e r  su rvey  i n d i c a t e d  (Table  4 )  t h a t  a l l  
r e l a y  u s e r s  a r e  u s i n g  e s s e n t i a l l y  t h e  same d e s i g n  ( s e e  g u i d e l i n e s )  
and t h e  same s c r e e n i n g  t e s t s  as t h o s e  d e s c r i b e d  i n  STR-0001A. The 
a r e a s  of c o n t r o v e r s y  are: 
1 )  I n e r t  b a c k f i l l  v e r s u s  some oxygen, and; 
2 )  P a r t i c l e  d e t e c t i o n  s c r e e n i n g  t e s t s .  
As a r e s u l t ,  t h e  su rvey  c o n c e n t r a t e d  on t h e s e  two a r e a s .  
Most u s e r s  are exper iment ing w i t h  oxygen i n  t h e  b a c k f i l l  gas  today 
(Sandia ,  North American, ~ a d i y t i o n  I n c o r p o r a t e d ,  M a r t i n  M a r i e t t a ,  
McDonnell Douglas ,  and Grumman). Good r e s u l t s  have been  o b t a i n e d  
(decreased c o n t a c t  and motor s e l f - a h e s i o n ) ,  b u t  t h e  l o n g  range  
e f f e c t s  have n o t  been  determined.  Oxygen i s  known t o  c o n t r i b u t e  
t o  polymer f o r m a t i o n  (and,  of c o u r s e ,  is  a n  o x i d i z e r ) ;  b u t  i f  t h e  
r e l a y s  a r e  ex t remely  c l e a n ,  t h i s  e f f e c t  may t a k e  a l o n g  c a l e n d a r  
t ime t o  d e t e c t .  
Se l f -adhes ion  i t s e l f  w i l l  o n l y  o c c u r  i n  a n  extremely c l e a n  env i ron-  
ment. The q u e s t i o n  is  whether t h i s  environment i s  c l e a n  enough t o  
"withstand" a pe rcen tage  of oxygen. To d a t e ,  t h e  d a t a  is f a v o r a b l e .  
Oxygen does n o t  seem t o  b e  r e q u i r e d  f o r  l a r g e r  r e l a y s .  
For p a r t i c l e  d e t e c t i o n  t e s t s ,  t h e  two b a s i c  types  a r e  pa ramete r  
d e g r a d a t i o n  d e t e c t i o n  due t o  p a r t i c u l a t e s ,  and t h e  d i r e c t  d e t e c t i o n  
of p a r t i c u l a t e s  themselves .  
F i g u r e  2 is a schemat ic  of t h e  test s e t u p  used t o  d e t e c t  parameter  
d e g r a d a t i o n .  F i g u r e  3 i s  a schemat ic  of t h e  t e s t  s e t u p  used t o  
d e t e c t  p a r t i c l e s  d i r e c t l y .  
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C o n t a c t s ,  Gold E x c e l l e n t  f o r  i n t e r m e d i a t e  Power c i r c u i t s ,  above 2 amps, 
c i r c u i t  l e v e l s .  w i l l  e r o d e  t h e  go ld  immed- 
i a t e l y .  
C o n t a c t s ,  E x c e l l e n t  f o r  power c i r c u i t s ,  Cannot e l i m i n a t e  f i l m s .  It i s  
P a l l a d i u m  r e s i s t a n t  t o  a r c i n g  and n o t  good f o r  low l e v e l  c l r -  
mechanical  wear.  c u i t  a p p l i c ~ t i o n .  
C o i l ,  B i f  i l a r  E x c e l l e n t  f o r  i n d u c t i v e  Weight,  a d d i t i o n a l  w i r e  (and 
s u p p r e s s i o n .  o i l ) ,  s lows t h e  d ropout  t i m e  
o f  r e l a y .  
Hermet ic  S e a l  Conta ins  atmosphere,  s e a l s  S e a l s  i n  any con tamina t ion  
o u t  con tamina t ion .  i n i t i a l l y  p r e s e n t ,  and p re -  
v e n t s  any g e n e r a t e d  contami- 
n a t i o n  from e s c a p i n ~  
G e t t e r  
B u i l  t - I n  
Devices  
(Diodes) 
Absorbs hydrocarbon g a s s e s  Can be a g a s  g e n e r a t o r ,  and 
and m o i s t u r e .  i s  a  p a r t i c l e  g e n e r a t o r .  
G e n e r a l l y  cannot  w i t h s t a n d  
b o o s t e r  l e v e l  shock and 
v i b r a t i o n  requ i rements .  
E l i m i n a t e s  e x t e r n a l  w i r i n g  Source  of p a r t i c u l a t e  and 
and components, t h e r e f o r e ,  gaseous  con tamina t ion .  
w e i g h t .  
Dual-Chamber S e a l  t h e  c o n t a c t s  from a l l  Larger  r e l a y ,  l a r g e r  motor,  
n o n - m e t a l l i c s ,  which a r e  more complicated b u i l d  and 
g a s  g e n e r a t o r s .  p r o c e s s i n g  . 
. I  
B i f u r c a t e d  Higher  c o n t a c t  r e l i a b i l i t y ,  S u s c e p t a b l e  t o  f i l m ,  lower 
C o n t a c t s  bounce r e d u c t i o n .  c o n t a c t  p r e s s u r e ,  g e n e r a l l y  
l a r g e  r e l a y ;  weight  and power 
consumption.  
S p a r k  A r r e s t e r  P r e v e n t s  m a t e r i a l  bu i ld -up  Source  of gaseous  contamina- 
(Arc S h i e l d )  between c a s e  (header)  and t i o n  and p a r t i c u l a t e  
p i n s .  con tamina t ion .  
Oxygen i n  Ac ts  a s  l u b r i c a n t  f o r  Contact  o x i d a t i o n  and polymer 
B a c k f i l l  c o n t a c t s  and motor.  forming enhancement. 
Ta
bl
e 
4 
U
se
r 
Su
rv
ey
 
P
A
R
T
 T
YP
E 
US
ER
 
UN
IQ
UE
 R
EQ
UI
RE
ME
NT
S 
MT
IO
NA
LE
/J
US
TI
FI
CA
TI
ON
 
Po
tt
er
 &
 B
ru
mf
ie
ld
 
Lo
ck
he
ed
 
KC
 &
 K
C,
 
Sp
ac
e 
1/
2 
Cr
ys
ta
l 
Ca
n 
Sy
st
em
s 
Di
vi
si
on
 
De
ut
sc
b 
Bl
ue
 R
ib
bc
n 
1/
2 
Cr
ys
ta
l 
Ca
n 
Ge
ne
ra
l 
El
ec
tr
ic
 
3 
Sm
 
Cr
ys
ta
l 
Ca
n 
Si
ze
, 
3 
SA
V 
11
2 
Cr
ys
ta
l 
Ca
n 
Ba
bc
oc
k 
AL
L 
Ba
ck
fi
ll
 O
xy
ge
n 
-
 
Y
e
s
 
Ba
ck
fi
ll
 M
oi
st
ur
e 
-
 
Y
e
s
 
P
I
ND
 T
es
t 
-
 
Y
e
s
 
Pa
rt
ic
le
 D
et
ec
t 
Mi
ss
 T
es
t 
-
 
N
o
 
Bo
bb
in
 M
at
er
ia
l 
-
 
Ke
l-
F 
Ra
di
fl
o 
L
e
a
k 
Te
st
 -
 
Pr
ef
er
re
d 
Ma
ss
 S
pe
ct
ru
m 
Le
al
c 
Te
st
 -
 
O.
K.
 
Du
al
-C
ha
mb
er
 -
 
No
 
Ar
ma
tu
re
 P
la
ti
ng
 -
 
Ch
ro
me
 
Ca
le
nd
ar
 L
if
e 
-
 
In
de
fi
ni
te
 
Lo
ck
he
ed
 
Ba
ck
fi
ll
 O
xy
ge
n 
-
 
N
o
 
Mi
ss
il
e 
Ba
cl
cf
il
l 
Mo
is
tu
re
 -
 
N
o
 
Sy
st
em
s 
PI
ND
 T
es
t 
-
 
No
, 
Di
vi
si
on
 
Pa
rt
. 
D
e
t
.
 M
is
s 
Te
st
 -
 
Y
e
s
 
Bo
bb
in
 M
at
er
ia
l 
-
 
K
e
l-
F 
Ra
di
fl
o 
L
e
a
k 
Te
st
 -
 
Y
e
s
 
Ma
ss
 
Sp
ec
t.
 L
e
a
k 
Te
st
 -
 
No
 
Du
al
-C
ha
mb
er
 -
 
No
 
Ar
ma
tu
re
 P
la
ti
ng
 -
 
Ch
ro
me
 
Ca
le
nd
ar
 L
if
e 
-
 
Un
li
mi
te
d 
Re
la
ys
 r
e
qu
ir
e 
m
o
is
tu
re
 a
n
d 
o
x
yg
en
 f
or
 
c
o
n
ta
ct
 a
n
d 
m
o
to
r 
lu
br
ic
at
io
n.
 
Pe
cc
en
t-
 
a
ge
s 
a
r
e
 
pr
op
ri
et
ar
y.
 
PI
ND
 
te
st
 
is
 
e
x
c
e
ll
en
t,
 p
ar
ti
cl
e 
m
is
s 
te
st
 i
s 
n
o
t 
w
o
r
th
 
t1
1c
 m
o
n
e
y.
 
K
e
l-
F 
is
 p
re
fe
rr
ed
, 
bu
r 
Di
al
ly
l p
i] ,
Il
aI
la
te
 
is
 o
ka
y 
in
 s
o
m
e
 
r
e
la
ys
, 
Ra
di
fl
o 
le
ak
 t
es
t 
is
 p
re
fe
rr
ed
 b
ec
au
se
 
it
 d
et
ec
ts
 s
m
a
ll
er
 l
ea
ks
, 
bu
t 
m
a
s
s
 
s
pe
eL
. 
m
e
tl
lo
d 
is
 a
de
qu
at
e.
 
Du
al
-c
ha
in
be
r 
r
e
la
y
s 
n
o
t 
w
o
r
th
 t
he
 e
x
pe
ns
e.
 
Ch
ro
me
 o
r
 
br
on
ze
 
pl
at
in
g 
o
n
 a
r
m
a
tu
re
 i
s 
o
ka
y,
 d
ep
en
ds
 
m
o
r
e
 
o
n
 
pr
oc
es
s 
c
o
n
yr
ol
. 
Re
la
y 
s
ho
ul
d 
o
pe
ra
te
 i
nd
ef
in
it
el
y 
in
 s
pa
ce
, 
u
c
tL
l 
c
yc
le
 l
if
e 
is
 e
x
c
e
e
de
d.
 
Re
la
ys
 s
ho
ul
d 
ha
ve
 1
00
% 
dr
y 
n
it
ro
ge
n 
fu
r 
ba
ck
f i
ll
. 
De
fi
ni
te
ly
 n
o
 
o
x
yg
en
 o
r 
m
o
is
tu
re
. 
PI
ND
 
te
st
 d
ef
in
it
el
y 
n
o
 
~
o
o
d
.
 
Pa
rt
ic
le
 d
et
ec
t 
te
st
 u
s
in
g 
s
in
us
oi
da
l 
v
ib
ra
ti
on
 i
s 
be
st
. 
K
e
l-
F 
is
 a
 
r
e
qu
ir
e-
 
m
e
n
t,
 c
a
n
n
o
t 
u
s
e
 
Di
al
ly
lp
iz
ti
la
ll
ai
le
, 
r
e
a
s
o
n
 
c
la
ss
if
ie
d.
 
Ra
di
fl
o 
le
ak
 c
he
ek
 
m
u
c
h 
be
tt
er
 t
ha
n 
m
a
s
s
 
s
pe
ct
ro
me
te
r,
 
Du
al
-c
ha
mb
er
 r
e
la
y 
is
 n
o
t 
u
s
e
d,
 c
o
o
 
2
e
~
 
o
f 
th
em
 m
a
de
. 
Ch
ro
me
 i
s 
be
st
 f
or
 a
r
m
a
-
 
tu
re
s.
 
Re
la
y 
li
fe
 s
ho
ul
d 
be
 i
nd
ef
in
it
e,
 
u
p 
u
n
ti
l 
c
yc
le
 l
if
e.
 
T&
Ze
 
4 
(e
on
t)
 
C
 
ti
 
ti
 
r 
PA
RT
 T
Y
PE
 
U
SE
R 
UN
IQ
UE
 R
EQ
UI
RE
ME
NT
S 
R
A
TI
O
N
~E
/J
U
ST
IF
IC
A
TS
O
N
 
N
 
-
-
-
-
-
-
A
 
7
 
0
 
N
on
e 
n
a
m
e
d 
NA
SA
 
B
ac
k
fi
ll
 O
xy
ge
n 
-
 
No
 
R
el
ay
s 
s
ho
ul
d 
ha
ve
 1
00
%
 d
rl
- 
n
it
ro
ze
n
 f
o
r 
s
p
ec
if
 ic
al
ly
 
R
e
li
ab
il
it
y
 
M
o
is
tu
re
 -
 
No
 
b
ac
k
fi
ll
. 
D
ef
in
it
el
y
 n
o
 
o
x
yg
en
 o
r
 
BI
N
D
 T
es
t 
-
 
No
 
m
o
is
ut
re
. 
PI
N
D
 
te
s
t 
to
o
 s
u
b
je
ct
iv
e,
 g
oo
d 
P
a
rt
ic
le
 D
et
ec
t 
M
is
s 
T
es
r 
-
 
Y
es
 
fo
r 
la
rg
e 
m
e
ta
ll
ic
 p
ar
ti
cl
es
 o
n
ly
, 
P
a
rt
ic
le
 
B
ob
bi
n 
M
at
er
ia
l 
-
 
No
 
o
p
in
io
n 
d
et
ec
t 
m
is
s 
te
s
t 
b
es
t 
w
it
h
 r
a
n
do
m
 v
ib
ra
ti
o
~
 
R
ad
if
 lo
 L
ea
k 
T
es
t 
-
 
Y
es
 
R
ad
if
lo
 l
ea
k
 t
e
s
t 
d
ef
in
it
el
y
 s
u
p
er
io
r 
to
 
M
as
s 
Sp
ec
tr
um
 L
ea
k 
T
es
t 
-
 
O
.K
. 
m
a
s
s
 
s
p
ec
t.
, 
bu
t 
m
a
s
s
 
s
p
ec
t.
 p
ro
L
ab
lr
 
D
ua
l-
C
ha
m
be
r 
-
 
N
ot
 e
n
o
u
gh
 d
at
a 
go
od
 e
n
o
u
gh
 f
o
r 
5 
y
ea
rs
. 
B
es
t 
p
la
ti
n
g
 
A
rm
at
ur
e 
P
la
ti
n
g
 -
 
No
 
o
p
in
io
n 
is
 n
o
 
p
la
ti
n
g
. 
A
lw
ay
s 
s
u
b
je
ct
 t
o
 
C
al
en
da
r 
L
if
e 
-
 
No
 
o
pi
ni
on
 
fl
ak
in
g
. 
N
on
e 
lia
l~
le
6 
s
p
ec
if
ic
al
ly
 
N
on
e 
n
a
m
e
d 
s
p
ec
if
ic
al
ly
. 
B
as
 u
s
e
d 
a
ll
. 
in
 l
a
st
 
15
 y
ea
rs
. 
F
ed
er
al
 
B
ac
k
fi
ll
 O
xy
ge
n 
-
 
No
 
o
pi
ni
on
 
E
le
ct
ri
c 
M
o
is
tu
re
 -
 
P
ro
ba
bl
y 
n
e
e
d 
(N
AS
A)
 
PI
N
D
 -
 
Y
es
, 
r
e
s
e
r
v
a
ti
o
n
s 
P
a
rt
ic
le
 D
et
ec
t 
M
is
s 
T
es
t 
-
 
Y
es
 
B
ob
bi
n 
M
at
er
ia
l 
-
 
K
el
-F
 
R
ad
if
lo
 -
 
O
.K
. 
M
as
s 
S
pe
ct
 -
 
O
.K
. 
D
ua
l-
C
ha
m
be
r 
-
 
No
 
A
rm
at
ur
e 
P
la
ti
n
g
 -
 
No
 
C
al
en
da
r 
L
if
e 
-
 
No
 
o
pi
ni
on
 
N
or
 tk
i 
B
ac
k
fi
ll
 O
xy
ge
n 
-
 
No
 
A
m
er
ic
an
 
M
oi
st
ux
e 
-
 
No
 
S
pa
ce
 
PI
N
D
 T
es
t 
-
 
No
 
Sy
st
em
s 
P
a
rt
ic
le
 D
et
ec
t 
M
is
s 
T
es
t 
-
 
Y
es
 
D
iv
is
io
n
 
B
ob
bi
n 
M
at
er
ia
l 
-
 
K
el
-F
 
R
ad
if
lo
 -
 
No
 
p
re
fe
re
nc
e 
M
as
s 
Sp
ec
tr
um
 -
 
N
o 
p
re
fe
re
nc
e 
D
ua
l-
C
ha
m
be
r 
-
 
No
 
n
e
e
d 
A
rm
at
ur
e 
P
la
ti
n
g
 -
 
O
.K
. 
C
al
en
da
r'
 L
if
e
 -
 
In
d
ef
in
it
e 
No
 
o
p
in
io
n 
o
n
 
o
x
yg
en
, 
bu
t 
pr
ob
ab
ly
 n
e
e
d 
so
m
e
 
m
o
is
tu
re
. 
PI
N
D
 m
ay
 b
e 
o
ka
y 
if
 
a
r
ti
c
le
 i
s 
q
u
ie
t 
a
n
d 
s
o
o
d 
b
as
el
in
e 
e
s
-
 
ta
b
li
sh
ed
, 
bu
t 
pr
ob
ab
ly
 n
o
t 
v
e
r
y 
go
od
. 
P
a
rt
ic
le
 d
et
ec
t 
m
is
s 
te
s
t 
is
 b
es
t.
 
R
ac
- 
do
m
 v
ib
ra
ti
o
n
 q
u
it
e 
e
x
pe
ns
iv
e,
 
s
in
u
so
id
ai
 
c
o
r
r
e
c
tl
y
 c
ho
se
n 
fo
r 
a
r
ti
c
le
 i
s
 q
ui
L
e 
a
de
qu
at
e.
 
R
ad
if
lo
 a
n
d 
m
a
ss
 
s
p
ec
t.
 b
o
th
 
a
c
c
u
r
a
te
 e
n
o
u
gh
 f
o
r 
s
pa
ce
. 
D
ua
l-
ch
am
be
r 
r
e
la
y
 i
s
 g
oo
d 
id
ea
, 
bu
t 
s
ta
te
-0
1
-t
h
e-
ar
t 
n
o
t 
go
od
 e
n
o
u
gh
 y
et
. 
Do
 
n
o
t 
p
la
L
e 
a
r
 
a
ll
 i
f 
c
a
n
 b
e 
a
v
o
id
ed
. 
K
el
-F
 i
s
 b
es
c 
~
f 
p
ro
p
er
ly
 d
eb
ur
ne
d 
u
s
in
g 
dr
y 
ic
e
 (
CO
 )
 L
n
 
a
 
tu
m
bl
e.
 
2 
R
el
ay
s 
s
ho
ul
d 
u
s
e
 
10
0%
 d
ry
 n
it
ro
se
n
 u
n
ie
ss
 
u
s
in
g 
m
a
s
s
 
s
pe
ct
ru
m
, 
th
en
 9
0%
 d
ry
 N
 
a
n
d 
10
%
 h
el
iu
m
. 
N
o 
o
x
yg
en
 o
r
 m
o
is
tu
re
. 2
~~
~~
 
te
s
t 
n
o
t 
r
e
q
u
ir
ed
, 
p
a
rt
ic
le
 d
et
ec
t 
m
is
s 
te
s
t 
is
 b
es
t 
w
it
h
 s
in
u
so
id
al
 v
ib
ra
ti
on
, 
B
ut
 b
es
t 
m
e
th
od
 t
o
 e
li
m
in
at
e 
p
a
rt
ic
le
s 
is
 a
 
th
or
ou
gh
 p
re
-c
an
 
v
is
u
al
 i
n
sp
ec
ti
o
n
, 
R
ad
if
lo
 a
n
d 
m
a
s
s
 
s
p
ec
t.
 
B
ot
h 
s
e
n
s
it
iv
e 
e
n
o
u
gh
. 
A
rm
at
ur
e 
p
la
ti
n
g
 i
s
 o
ka
y 
if
 
r
ig
h
t 
p
ro
ce
ss
 i
s 
u
s
e
d.
 
R
eg
en
er
at
io
n 
w 
tr;. +-3 
r !2 0 
- 0- 
ID 
I4 t-' 
s r C 
; z 'd 'd 
i- Y 
F? m n 
P 
D s 
z < Y r. 
0 m 
6 E D- + 
r 
fl g CL Y 
(D m 
% 9 
$ t-t 
2 g 5 
rt 
(D 09 
m 0 
t-t 0 
P e 
s . 
?Q * 
ERFEE:? rQ e, m awe 
ID D rm P.G-rt 
3 rt I p. C~C nmr~ u 
e,YS'dO ID 
YIDDID 
5 n I FG t-"dbi-t rto P.~-'ID omrt 
thWY I. Y 
ID rt p., o?KE 
W W 
e, D 
g % m ttl 
P. P. 
v r 
rr 
Y rtao 
m PID r$? oortow 
0 'J ID P,OQ 
g'd::.=(; ID Y 
K30b.ztl. IDZumo 
acrm r.e 
t-' WID 
wv m rt ,n 
0 IDCG 
@dm Y t-'. 
U'IDrtIDY 
ID 
5.:gg Q grtrtrtP* 
e,ID=r th 
rt.01 Y 
IDrtmcDY 
Y a P.P m 
r. sc:r 
D CP.e, 
WEcc tlv (DoiDm 
+ P. a 
I CL. BJ 
W"$ " P-, tD 
12 5 
Pam< jl3 G 
M w.13 t- 
w Vf7lrr 
0 Y)-'.* DO& 
IF1 
(D 
r~ o m t+i 
GIDIDOW 
$Ls= r.w P, fn o m GQ 0-'d 
DIDID 
p. g g ;. 0 ID p1I-l.m 
PCzYmP. 
IDrtID 
g"dsm wv-Y ID r 
0 
m'd P, 0 
CYPO- O 
Y PCz 
m(Dm a ID rtOY 
m @ e, XY 
rtP Yv 
av ua z P oh, 
0 =Iw 
X * cvw 2- 
0100 m 
ru m tDf-3r-t 
c*.s wz- 
m m 
OH? mF 
:? o n m t-A 
t?r 0 
VI m'd$ 
t-'D09'd 
OmDW 
e, me, 
~zn ID rt 
w a P- 
on. 3 
wr 09 
0 ID 
r nn 
(DWD'd @Per e, 
ttlm rt OIDPID 
n QP 03Dt-P 
moYD 
am Cz 
P. +- 
0 (D P. 
3 X mu 
rl>n(DP rm 0 
r(D m c 
C<: aE'-w 
(Do p. '-.QF: 
Q Wci' 
g ; ,",fc m C?-dij. 
13 J 
03 r < 
(D r Q 
I" ;3 rn -4 
mD0i-t m LC m 63. 
?li" 1-11 
T
ab
le
 4
 i
co
ne
Z)
 
d
 
n
 
H
 
Z"
AR
T 
TY
PE
 
U
SE
R 
UN
IQ
UE
 
RE
QU
IRE
ME
N 
rs
 
R
A
TI
O
N
A
T,
E/
JU
ST
IF
I~
TI
O
N
 
I 
-
-
-
 
t
4
 
h
j 
'S
ab
co
ck
, 
M
ar
ti
n 
B
ac
k
fi
ll
 O
xy
ge
n 
-
 
No
 
M
ar
ti
n 
s
p
ec
if
ie
s 
10
0%
 p
ur
e 
dr
y 
Id
2,
 
a
n
d 
*
le
u t
sc
h,
 
M
ar
ie
tt
a 
M
oi
st
ur
e 
-
 
No
 
do
es
 n
o
t 
ha
ve
 a
n
y 
a
dh
es
io
n 
pr
ob
le
ms
, 
G
eL
ed
yn
e,
 
PI
N
D
 T
es
t 
-
 
No
 
E
xp
er
ie
nc
e 
w
it
h 
th
e 
PI
N
D
 t
e
s
t,
 
to
 d
ar
e,
 
~
e
ti
ch
 
P
ar
t 
D
et
ec
t 
M
is
s 
T
es
t 
-
 
Y
es
 
ha
s 
be
en
 n
e
ga
ti
ve
, 
bu
t 
p
o
ss
ib
il
it
ie
s 
B
ob
bi
n 
M
at
er
ia
l 
-
 
K
el
-F
 
a
r
e
 
in
tr
ig
u
in
g
 
a
n
d 
e
x
pe
ri
m
en
ti
ng
 i
s 
R
ad
if
lo
 -
 
Y
es
 
pr
oc
ee
di
ng
. 
T
he
 p
ar
ti
cl
e 
d
et
ec
t 
m
is
s 
M
as
s 
S
pe
ct
 -
 
O
.K
. 
te
s
t 
w
it
h 
s
in
u
so
id
al
 v
ib
ra
ti
o
n
 i
s 
C
O
IL
- 
D
ua
l-
C
ha
m
be
r 
R
el
ay
s 
-
 
N
o 
o
pi
ni
on
 
s
id
er
ed
 e
x
c
e
ll
en
t 
a
n
d 
m
a
n
da
to
ry
. 
R
eL
-F
 
A
rm
at
ur
e 
P
la
ti
n
g
 -
 
N
o 
o
pi
ni
on
 
is
 p
re
se
n
tl
y
 u
s
e
d,
 
a
lt
ho
ug
h 
D
ia
ll
yL
- 
C
al
en
da
r 
L
if
e 
-
 
In
d
ef
in
it
e 
p
h
th
al
la
te
 i
s 
u
n
de
r 
c
o
n
s
id
er
at
io
n.
 
D
ia
ll
y
l 
o
u
c
ga
ss
es
 m
o
re
, 
b
u
t 
ha
s 
le
ss
 
fi
b
er
 c
o
n
ta
m
in
at
io
n.
 
R
ad
if
lo
 m
e
th
od
 i
s
 
p
re
fe
rr
ed
, 
a
s
 
it
 i
s 
m
o
re
 
s
e
n
s
it
iv
e,
 
C
al
en
da
r 
li
fe
 s
ho
ul
d 
be
 i
n
d
ef
in
it
e.
 
V i b r a t i o n  Tab le  
Figure 2 Test Setup t o  Detect Parameter Degradation 
Audio/Visual  
D e t e c t o r  I 
\ Sensor 
1 \ v i b r a t i o n  Tab le  
Figure 3 Test Setup t o  Detect ParticZes Directly 
The fol lowing r e fe rences  a r e  recommended f o r  more d e t a i l e d  in fo r -  
mation: 
R .  W .  P f e i l :  "Detection of Loose P a r t i c l e s  Within E l e c t r i c  Com- 
ponent Cav i t i e s . "  Proceedings 1971 Annual Symposium on Reliability, 
Lockheed M i s s i l e s  and Space Company, 
Lou Nardo: Pre-Installation Test Procedure for LM ReZ.ays. Grumman 
A i r c r a f t  Engineering Corporat ion,  # ~ ~ ~ 3 9 0 - 1 0 3 .  
Lou Nardo: Pre-Installation Test Procedure for LM Relays. Grumman 
A i r c r a f t  Engineering Corporat ion,  #~TP815-31001. 
B. T. French and J. E. Mann, North American Rockwell; and G.  E. 
Erickson, Naval E lec t ron ic s  Laboratory Center:  Prediction of IC 
and LSI Performance by Specialized Vibration/Detection Test for 
Presence of Conductive Particles. 
Specification for Monitored Vibration/Shock Testing of Integrated 
Circuits. TR 72-244-043-STFA-30, North American Rockwell. 
D. R. Howard: Attachment 3, Relay Procurement and Control Require- 
ments. Aerospace Corporation. 
e. A l t e m t e  Approaches - Presen t ly ,  t h e  a l t e r n a t e  approach t o  
r e l a y s  is  s o l i d - s t a t e  devices .  The primary problem wi th  EMR's i s  
s u s c e p t i b i l i t y  t o  contamination. An area which holds promise f o r  
m's is t h e  mercury wetted con tac t  design.  This would be  prac- 
t i c a l l y  impervious t o  both p a r t i c u l a t e  contamination and gaseous 
(chemical) contamination. Mercury wetted con tac t s  have been de- 
veloped which can s u s t a i n  some environmental s t r e s s e s ,  b u t  an  o rde r  
of magnitude lower than  t h e  s t r e s s e s  requi red  f o r  space usage. 
Research i n t o  t h e  area of mercury wetted con tac t s  is needed, a s  
t h e  advantages of BE'S w i l l  always be  requi red .  
d .  Hardlrhxre Life - The hardware l i f e  s p e c i f i e d  f o r  today 's  r e l a y s  
i s  t h r e e  t o  f i v e  yea r s  usage i n  space  wi th  a s h e l f  l i f e  of one t o  
t h r e e  years .  General consensus is  t h a t  r e l a y s  no t  ove r s t r e s sed  o r  
overcycled should l a s t  i n d e f i n i t e l y .  
e. Application Guidelines - A primary a p p l i c a t i o n  gu ide l ine  is  t o  
assure t h a t  t he  r e l a y  d i e l e c t r i c  s t r e n g t h  is s u f f i c i e n t  t o  with- 
s tand  c i r c u i t  dynamic vol tages .  During t r a n s i e n t  condi t ions  w i t h  
a r c ing ,  t he  s t a t i c  d i e l e c t r i c  s t r e n g t h  is considerably reduced. 
The c i r c u i t  a p p l i c a t i o n  should b e  thoroughly analyzed f o r  wors t  
c a s e  dynamic t r a n s i e n t s .  These v o l t a g e s ,  w i t h  s a f e t y  f a c t o r s ,  
shou ld  be  a p p l i e d  d u r i n g  dynamic t e s t i n g  of t h e  d i e l e c t r i c  
s t r e n g t h .  
The environmental  c o n d i t i o n s  of t h e  a p p l i c a t i o n  shou ld  b e  used t o  
de te rmine  t h e  o p e r a t e  c h a r a c t e r i s t i c s .  The r e q u i r e d  o p e r a t e  spe- 
c i f i c a t i o n s  shou ld  i n c l u d e  t h e  minimum and maximum temperature .  
A common m i s a p p l i c a t i o n  is t o  u s e  a  s ing le -phase  m u l t i p o l e  r e l a y  
i n  a  m u l t i p h a s e  a p p l i c a t i o n .  Assure t h e  c o n t a c t s  a r e  r a t e d  f o r  
m u l t i p h a s e ,  o r  u s e  double  t h e  s ing le -phase  peak v o l t a g e  t o  qual-  
i f y  t h e  d i e l e c t r i c  under dynamic c o n d i t i o n s .  
For d e t a i l e d  h i g h  r e l i a b i l i t y  r e l a y  a p p l i c a t i o n s ,  t h e  r e a d e r  i s  
d i r e c t e d  t o  Guidelines for Reliable Relay Application and Selec- 
t ion ,  compiled i n  1969 by L .  W. Wendling, Naval A i r  Systems Com- 
mand, and E.  U .  Thomas, Grumman A i r c r a f t  Engineer ing Corpora t ion .  
The u s e  c i r c u i t  i s  t h e  s t a r t i n g  p l a c e  f o r  r e l a y  a p p l i c a t i o n .  Once 
t h e  r e q u i r e d  l o a d s  and s w i t c h i n g  a p p l i c a t i o n  have been d e f i n e d ,  t h e  
r a t i n g s  of Tab le  5  should be  used ,  a s  r e q u i r e d  by MIL-R-6106, a s  a  
minimum. For long  l i f e  a p p l i c a t i o n ,  d e r a t i n g  a s  i d e n t i f i e d  i n  Vol- 
ume I V  Chapter V i s  recommended. 
TEST METHODOLOGY AND REQUIREMENTS 
Q u a l i f i c a t i o n  
Q u a l i f i c a t i o n  tests  a r e  performed e i t h e r  t o  v e r i f y  a  d e s i g n  (Design 
Development) o r  t o  q u a l i f y  an  e x i s t i n g  d e s i g n  f o r  usage  n o t  spe- 
c i f i e d .  Acceptable  q u a l i f i c a t i o n  t e s t s  f o r  h i g h  r e l i a b i l i t y  p a r t s  
a r e  i d e n t i f i e d  and d e s c r i b e d  i n :  
1 )  General Specif ication for Acceptance Testing of Electromagnetic 
Relays for Use i n  High Cr i t i ca l i t y  Manned Space Flight  A p p l i -  
cations.  MSC, Houston, Texas.  ST-R-0001; 
2 )  Screening Reqzlirements for Non-Preferred EZect~icaZ and Elec- 
t ronic  Parts. MSFC, H u n t s v i l l e ,  Alabama. 85M03876; 
3 )  Engineers Relay Bandhook. NARM; S c o t t s d a l e ,  Arizona; 
4 )  Relay Engineering. Struthers-Dunn,  I n c . ,  Pitman, New J e r s e y .  
I'IIISTES, APPLICATION (No* provrslon for bvo ~nductive values 1 
(1 Over iemperature range 
( 2 )  115R00 VAC for 60 Hz ratings. absence of value tnd~cater relay IS not rated for  3 phase applrcat~on~ 
(3) Transfer load ~ndrl  ates faldy slritdble for transfl:r betwarn I~f?synchrohizod ,4C power suppl~es at ralrng 
~ndlcated 
(4) Olelectrlc raicng may be lrr~proved by s~r~table ~nsutatron of te~c~~~r la ls  a t d  ~NI~IIICJ ,lftcxr ~da l la t ian  
There a r e  two t e s t  methods which could  b e  a p p l i e d  t o  q u a l i f i c a t i o n  
t e s t i n g  which a r e  n o t  i n  g e n e r a l  u s e ,  One is  t h e  f o r c e  margin  
measurement which i s  a measurement of t h e  a c t u a l  motor f o r c e  ve r -  
s u s  t h e  c o n t a c t  f o r c e  ( s e e  F i g u r e  4 ) .  T h i s  t e d i o u s  measurement c a n  
be  s i m p l i f i e d  t o  a  c u r r e n t  v e r s u s  t i m e  measurement ( s e e  F i g u r e  5) 
a f t e r  t h e  f o r c e  margin d a t a  i n  F i g u r e  4  have been  de te rmined .  
Q u a l i f i c a t i o n  of a  g i v e n  r e l a y  d e s i g n  would t h e n  depend on c l o s e  
t o l e r a n c e  adherence  t o  t h e  N.C .  c o n t a c t  opening t i m e  and t h e  amount 
of c u r r e n t  r ecorded  a t  t h a t  t i m e .  I f  a  g i v e n  sample e x h i b i t s  v a r i -  
ances  of t h e s e  pa ramete rs  a f t e r  o t h e r  q u a l i f i c a t i o n  tests (shock,  
t e m p e r a t u r e ,  v i b r a t i o n ,  l i f e  c y c l e ) ,  t h e  r e l a y  must b e  r e d e s i g n e d .  
C lose  adherence  t o  des igned  f o r c e  margin is  r e q u i r e d  f o r  h i g h  re- 
l i a b i l i t y .  
The second method i s  based on c o n t a c t  r e s i s t a n c e ,  b u t  u t i l i z e s  t h e  
v a r i a n c e  t e c h n i q u e  t o  i n d i c a t e  a l e s s  r e l i a b l e  d e s i g n .  Two forms 
of v a r i a n c e  shou ld  b e  t e s t e d  f o r .  One i s  t h e  sp read  of c o n t a c t  
r e s i s t a n c e  o v e r  a g i v e n  number o f  c y c l e s .  The s p r e a d  shou ld  be  
s u b j e c t e d  t o  random a n a l y s i s ,  s igma computed. I f  t h i s  exceeds  a 
s p e c i f i e d  sigma v a l u e ,  a  r e d e s i g n  i s  c a l l e d  f o r  ( c o n t a c t  p r e s s u r e ,  
c o n t a c t  m a t e r i a l ,  c o n t a c t  "wiping", e t c . ) .  
The o t h e r  form of v a r i a n c e  i s  a n  e x t r a  lump, o r  two peaks  i n  t h e  
random d i s t r i b u t i o n  c u r v e ,  Th is  is caused by f o r e i g n  material of 
some s o r t  a t  t h e  c o n t a c t  (polymers,  hydrocarbons  due t o  a r c i n g ,  
o r  b u r n  through t o  b a s e  m e t a l ) .  The v a r i a n c e s  a r e  s m a l l ,  t h u s  t h e  
c a u s e  of v a r i a n c e  is  s m a l l ,  and i s  probably  n o t  d e t e c t a b l e  by o t h e r  
means. 
Both of t h e s e  methods l e n d  themselves  t o  e f f e c t i v e  s c r e e n i n g  t e s t s ,  
and a r e  recommended. 
a ,  Accelerated Testing - There  i s  no recognized  method f o r  a c c e l -  
e r a t e d  c a l e n d a r  l i f e  t e s t i n g  b e i n g  used i n  i n d u s t r y  t o d a y . ' .  
Ei f  e T e s t  
Relays a r e  s u b j e c t e d  t o  two t y p e s  of l i f e  t e s t s ,  One, t h e  c y c l i c  
L i f e  t e s t ,  c o n s i s t s  of c y c l i n g  t h e  r e l a y  under  l o a d  u n t i l  f a i l u r e .  
The f a i l u r e  mode i s  a lmos t  always c o n t a c t  f a i l u r e ,  The o t h e r  test 
i s  a l o t  sample ,  s u b j e c t e d  t o  parameter  tests a t  d i s c r e t e  t ime i n -  
t e r v a l s .  T h i s  is  a  " r e a l  t i m e "  l i f e  tes t ,  and normal ly  is  con- 
duc ted  i n  p a r a l l e l  w i t h  r e l a y  usage .  
Sampling t e c h n i q u e s  f o r  b o t h  of t h e s e  t e s t s  a r e  i d e n t i f i e d  i n  MIE- 
STD-105, MIL-R-G106, and ST-R-00018. 
I \  /---Magnet Force. NI = Constant 
N. C. 
Contact Gap Overt r a v e l  
I I 
I . Armature Gap 
Seating* 
Overtravel  
*should be reduced t o  0 a f t e r  wear-in. 
Figure 4 Force Margin Measurement Test 
V I I - 2 8  
1. N. C .  Contact Opens 
2 .  N .  0 .  Contact Closes 
3 .  Armature Motion Stops ( s e a t s )  
T ime  t 
Figure 5 Current vs  Time Measurement 
3 .  S c r e e n i n g  T e s t s  and F a i l u r e  Mode D e t e c t i o n  
S t a n d a r d  s c r e e n i n g  t e s t s  a r e  i d e n t i f i e d  i n  ST-R-OOOlA, Engineers 
Re Zay Handbook and Re Zay Engineering Handbook. 
S e v e r a l  t echn iques  n o t  i n  popula r  u s e  today,  which have p o t e n t i a l ,  
are t h e  two q u a l i f i c a t i o n  methods d e s c r i b e d  e a r l i e r ,  and n e u t r o n  
r a d i o g r a p h y  f o r  d e t e c t i o n  of non-metal l ic  p a r t i c l e s .  
Two t e c h n i q u e s ,  s p o r a d i c a l l y  used throughout i n d u s t r y ,  a r e  methods 
f o r  p a r t i c l e  d e t e c t i o n .  One method enhances c o n d i t i o n s  t o  d e t e c t  
t h e  f a i l u r e  mode, t h e  o t h e r  d e t e c t s  t h e  mechansim which would l e a d  
t o  a  f a i l u r e .  
P a r t i c l e s  a r e  d e t e c t e d  by o p e r a t i n g  t h e  r e l a y  u n t i l  a  p a r t i c l e  
e i t h e r  becomes lodged and causes  a  motor jam o r  lodges  between 
c o n t a c t s  and causes  a  " m i s s "  ( f a i l u r e  mode). The c o n t r o v e r s i a l  
a r e a  i s  t h e  method used t o  a g i t a t e  t h e  r e l a y  t o  c a u s e  t h e  p a r t i -  
c u l a t e s  t o  move. Random v i b r a t i o n ,  c y c l i c ' s i n e  wave v i b r a t i o n  
and c y c l i c  s i n e  wave v i b r a t i o n  w i t h  p e r i o d i c  shock p u l s e s  t o  en- 
hance p a r t i c l e  motion a r e  a l l  i n  u s e  a t  p r e s e n t .  (Shock is  p r e s -  
e n t l y  used on canned 1 C ' s  o n l y ,  n o t  on EMR's ,  b u t  i s  under  inves -  
t i g a t i o n  f o r  EMR's.) This  p a r t i c l e  d e t e c t  t e s t  i s  f u r t h e r  en- 
hanced by p l a c i n g  a  p o t e n t i a l  (200V dc)  on t h e  r e l a y  c a n l h e a d e r  
and moni tor ing f o r  a  s h o r t  which would b e  caused by a  c o n d u c t i v e  
p a r t i c l e .  This  method is  i n  u s e  by a t  l e a s t  two companies - 
Grumman A i r c r a f t  and Mar t in  M a r i e t t a  Corpora t ion .  
M a r t i n  M a r i e t t a  Corpora t ion  i n v e s t i g a t e d  r a d i a t i o n  a s  a means t o  
d i s c h a r g e  e l e c t r o s t a t i c a l l y  charged p a r t i c l e s .  Gamma r a d i a t i o n  
of 1500 m i l l i r o e n g t e n s  and b e t a  r a d i a t i o n  a t  0.005 m i l l i r o e n g t e n s  
were  used.  Samples were a c r y l i c  p a r t i c l e s  (0.0005" - 0.015") 
c l i n g i n g  t o  a  m e t a l l i c  p l a t e  w i t h  e l e c t r o s t a t i c  charge .  No drop- 
p ing  of p a r t i c l e s  occur red  w i t h  3 hours  of con t inuous  r a d i a t i o n .  
Higher l e v e l s  of r a d i a t i o n  and /or  l o n g e r  t ime  p e r i o d s  may have 
some e f f e c t ,  b u t  t h e s e  approaches  a r e  n o t  p r a c t i c a l .  
Another method i s  t o  p l a c e  a  h igh  p o t e n t i a l  on t h e  c o n t a c t  i n  t h e  
open p o s i t i o n  on ly .  (This  would b e  reduced t o  t h e  c o n t a c t  moni- 
t o r  v o l t a g e  j u s t  p r i o r  t o  c l o s u r e . )  The i n c r e a s e d  p o t e n t i a l  shou ld  
assist a t t r a c t i o n  of e l e c t r o s t a t i c a l l y  charged p a r t i c l e s  t o  t h e  
c o n t a c t s ,  i f  t h e  p a r t i c l e s  e x i s t .  M a r t i n  M a r i e t t a  Aerospace i s  
p r e s e n t l y  i n v e s t i g a t i n g  t h e  f e a s i b i l i t y  of t h i s  approach.  
P a r t i c l e s  can a l s o  b e  d e t e c t e d  by a g i t a t i n g  t h e  r e l a y  and s e n s e  
p a r t i c l e  impact energy ( f a i l u r e  mechanism). The method i n  u s e  
today was p e r f e c t e d  by Red P f e i l  a t  Lockheed M i s s i l e s  and Space 
Company. T h i s  method u s e s  a  microphone t o  d e t e c t  u l t r a s o n i c  acous- 
t i c a l  energy r e l e a s e d  as t h e  p a r t i c l e  impacts .  Th i s  energy i s  
t r a n s l a t e d  t o  t h e  aud io  r a n g e  and b r o a d c a s t  w h i l e  be ing  simul- 
t a n e o u s l y  d i s p l a y e d  on a  ca thode  r a y  o s c i l l o s c o p e .  Th is  combin- 
a t i o n  of i n f o r m a t i o n  e n a b l e s  a n  exper ienced o p e r a t o r  t o  d e t e c t  a 
p a r t i c l e .  
The above t e s t ,  c a l l e d  t h e  " P a r t i c l e  Impact Noise De tec t ion"  test 
(PIND), h a s  two weaknesses.  One, i f  t h e  r e l a y  h a s  l o o s e  p a r t s ,  
t h e  n o i s e  g e n e r a t e d  by t h e  p a r t s  t e n d s  t o  mask any p a r t i c l e  
n o i s e ;  and two, t h e  t e s t  is  s e n s i t i v e  t o  m e t a l l i c  p a r t i c l e s  o n l y .  
The u s e r  su rvey  i n d i c a t e s  mixed f e e l i n g s  abou t  t h e  t e s t  i n  t h e  
a r e a  of o p e r a t o r  s u b j e c t i v i t y .  A survey  p r e f e r e n c e  y i e l d s :  
MSC - P a r t i c l e  D e t e c t  
MSFC - P a r t i c l e  D e t e c t  
LMSC - PIND 
Grurnrnan - P a r t i c l e  D e t e c t  
Mart i n  - P a r t i c l e  D e t e c t  
Sandia  - N e i t h e r  
North Arner i c a n  - P a r t i c l e  D e t e c t  
Aerospace - PIND 
TRW Systems - N e i t h e r  
E. PROCESS CONTROL REQUIREMENTS 
(See Process  Flow Char t ,  F i g u r e  6 ,  example.) 
1. E x i s t i n g  
The p r o c e s s  c o n t r o l s  i d e n t i f i e d  i n  t h e  accompanying flow c h a r t  are 
used by a l l  h i g h - r e l i a b i l i t y  r e l a y  manufac tu re r s .  P r e c i s e  se- 
quences ,  c l e a n i n g  f l u i d s ,  v a r y ,  b u t  i n  p r i n c i p a l  they a r e  t h e  same. 
Needed 
The most urgent  need today i n  r e l a y  manufacturing is  a t o t a l  Class  
100 environment. P a r t i c u l a t e  contamination i s  t h e  major cause of 
f a i l u r e s ,  Pre-can v i s u a l  and post-can screening  t e s t s  have reached 
a  l i m i t .  Very l i t t l e  more can be  done p r a c t i c a l l y .  
Another f a c t o r  which appeared f r equen t ly  during t h e  use r  survey 
is  a  concern wi th  t h e  manufacturers ,  and manufacturing personnel .  
A s  Aerospace and M i l i t a r y  high-re1 r e l a y  c o n t r a c t s  have f l u c t u a t e d ,  
experienced personnel  have been l o s t .  I n  one in s t ance ,  a  ground 
equipment c i r c u i t  had t o  be redesigned,  a s  a  s p e c i f i c  r e l a y  could 
not  b e  obtained.  The manufacturer could n o t  produce i t  a s  " the 
personnel  wi th  t h e  c a p a b i l i t y  t o  a d j u s t  t h a t  r e l ay"  were no longer  
w i th  t h e  company. 
The o the r  f a c t o r  was t h e  reduced quan t i t y  of high-re1 r e l a y s  being 
used. This i s  due t o  more SSR a p p l i c a t i o n ,  and t h e  reduced num- 
ber  of c o n t r a c t s .  I n  s h o r t ,  a  "need" i n  t h e  a r ea  of process  con- 
t r o l  i s  s teady ,  long run product ion c o n t r a c t s .  Small, i n f r equen t  
o rde r s  f o r  high-re1 r e l a y s  a r e  i n c o n s i s t e n t  w i th  high-re1 requi re -  
ments. 
PARTS LIST 
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cons iderable  number of Mil i tary/Aerospace r e l a y s  a r e  made-to-order, 
and a r e  no t  l i s t e d  i n  vendor ca t a logs .  
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Hartman E l e c t r i c  
E l e c t r o n i c  S p e c i a l i t y  
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Most companies c a r r y  a  commercial p roduc t  l i n e .  None of t h o s e  
r e l a y s  a r e  a c c e p t a b l e .  
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V I I I .  SWITCHES AND C I R C U I T  BREAKERS 
by R .  Q. Jackson 
V I L I .  SWITCHES AND CIRCUIT BREAKERS 
-_-----------------------------=------------=-------------------- 
A .  INTRODUCTION 
T h i s  c h a p t e r  p r e s e n t s  t h e  g u i d e l i n e s  and r a t i o n a l e  f o r  r e l i a b l e ,  
l o n g - l i f e  s w i t c h e s  and c i r c u i t  b r e a k e r s .  A major concern w i t h  
s w i t c h e s  is  con tamina t ion ,  b o t h  p a r t i c l e s  and contaminant  f i l m s  on 
c o n t a c t s .  C i r c u i t  b r e a k e r s  a r e  less prone t o  f a i l u r e  from contam- 
i n a t i o n ,  b u t  a r e  more prone t o  mechanical  f a i l u r e  due t o  t h e  com- 
p l e x i t y  of some a c t u a t i o n  mechanisms. The s t o r a g e  l i f e  of s w i t c h e s  
and c i r c u i t  b r e a k e r s  exceeds  1 0  y e a r s  when t h e  d e v i c e s  a r e  hermet i -  
c a l l y  s e a l e d  and i n t e r n a l  non-meta l l i c  m a t e r i a l s  a r e  e l i m i n a t e d ,  o r  
i f  v e r y  s t a b l e  m a t e r i a l s  a r e  used.  The s t a t e - o f - t h e - a r t  c y c l e  l i f e  
i s  about  100,000 a c t u a t i o n s  f o r  s w i t c h e s  and 10,000 a c t u a t i o n s  f o r  
c i r c u i t  b r e a k e r s .  Switches  and c i r c u i t  b r e a k e r s  w i t h  l e s s  c y c l e  
l i f e  c a p a b i l i t y  a r e  a c c e p t a b l e  when t h e  m i s s i o n  requirement  is  
s i g n i f i c a n t l y  l e s s  t h a n  t h e  c y c l e  l i f e  c a p a b i l i t y .  
C u r r e n t  developments i n  s o l i d - s t a t e  c i r c u i t  b r e a k e r s  shou ld  be  con- 
t i n u o u s l y  reviewed and s o l i d - s t a t e  c i r c u i t  b r e a k e r s  used when per-  
m i t t e d  by a v a i l a b i l i t y  and a p p l i c a t i o n ,  s i n c e  t h e y  a r e  n o t  s u b j e c t  
t o  wear o u t  o r  t h e  f a i l u r e  modes i n h e r e n t  i n  complex mechanical  
d e v i c e s .  
B .  GUIDELINES FOR LONG-LIFE ASSURANCE 
Design G u i d e l i n e s  
1 )  Use h e r m e t i c a l l y  s e a l e d ,  m e t a l  enc losed  s w i t c h e s .  Accomplish 
t h e  s e a l  by electron-beam welding.  S o l d e r i n g  o r  non-meta l l i c  
s e a l e r s  i n t r o d u c e  b o t h  p a r t i c u l a t e  and gaseous  con tamina tes .  
2) Use e i t h e r  a m e t a l  bel lows o r  m e t a l  diaphragm f o r  t h e  s e a l  
around t h e  a c t i v a t i o n  mechanism. Do n o t  u s e  a n  e las tomer  s e a l .  
Th i s  m e t a l  s e a l  shou ld  a l s o  b e  accomplished by electron-beam 
welding.  
3) C i r c u i t  b r e a k e r s  a r e ,  t y p i c a l l y ,  n o t  h e r m e t i c a l l y  s e a l e d ,  b u t  
s e a l e d  d e v i c e s  should be used i f  and when a v a i l a b l e .  
The c o n t a c t s  shou ld  b e  a l l o y s  of n i c k e l ,  s i l v e r  o r  pa l l ad ium 
f o r  l o a d s  g r e a t e r  t h a n  500 m i l l i a m p e r e s .  For l o a d s  l e s s  t h a n  
5QQ m i l l i a m p e r e s ,  t h e  c o n t a c t s  shou ld  be  gold  p l a t e d  t o  min- 
imize  o x i d e  f i l m s  and m a i n t a i n  low c o n t a c t  r e s i s t a n c e .  
The minimum t h i c k n e s s  f o r  g o l d  p l a t i n g  i s  0.000100 i n c h .  
Th inner  p l a t i n g s  may burn through.  Th icker  p l a t i n g s  a r e  n e i -  
t h e r  n e c e s s a r y  nor  c o s t  e f f e c t i v e .  
The c o n t a c t  gap shou ld  b e  s u f f i c i e n t  t o  e x t i n g u i s h  t h e  max- 
imum des igned  power a r c .  T h i s  c o n s i d e r a t i o n  i s  most a p p l i c a b l e  
t o  v e r y  s m a l l  s w i t c h e s ,  such  a s  r e e d  s w i t c h e s .  
Snap-act ion s w i t c h i n g  of c o n t a c t s  shou ld  b e  des igned  i n  t h e  
mechanism t o  minimize a r c i n g  t ime  which i n c r e a s e s  c o n t a c t  
l i f e .  
C o n t a c t s  shou ld  have a  p a r t i a l  wiping a c t i o n  ( .300n t o  .005") 
t o  d i s r u p t  o x i d e  f i l m s .  G r e a t e r  wip ing  l e n g t h s  w i l l  i n t r o d u c e  
e x c e s s i v e  wear ,  
E x t e r n a l  e l e c t r i c a l  t e r m i n a l s  shou ld  be  s e a l e d  w i t h  g l a s s  w i t h  
a  matched the rmal  expansion c o e f f i c i e n t  f o r  s t r e n g t h ,  d i e l e c -  
t r i c  and g a s  s e a l  q u a l i t i e s .  Other  methods such  a s  a lumina ,  
ce ramic  s l e e v e s ,  and b r a z i n g  a r e  under  development b u t  s h o u l d  
n o t  b e  used u n t i l  t h e  p r o c e s s  i s  developed and proven.  
S o l i d - s t a t e  c i r c u i t  b r e a k e r s ,  c u r r e n t l y  under development,  a r e  
p r e f e r a b l e  t o  mechanical  c i r c u i t  b r e a k e r s  s i n c e  they  a r e  n o t  
s u b j e c t  t o  wear-out o r  t h e  f a i l u r e  modes i n h e r e n t  i n  complex 
mechan ica l  d e v i c e s .  
So lde r  hook e x t e r n a l  c o n t a c t s  a r e  r e q u i r e d  t o  p rov ide  s t r e s s  
r e l i e f  t o  t h e  g l a s s  s e a l .  P lug- in  u n i t s  a r e  n o t  recommended 
because  t h e  g l a s s  s e a l  may b e  s t r e s s e d .  
G e t t e r  d e v i c e s  should  n o t  b e  used.  They may b r e a k  o r  move 
and i n t e r f e r e  w i t h  s w i t c h  o p e r a t i o n .  Swi tches  must be c l e a n  
enough w i t h o u t  a  g e t t e r  o r  t h e y  a r e  n o t  r e l i a b l e  p a r t s .  
Avoid p l a t i n g  of i n t e r n a l  p a r t s .  P l a t i n g  is  a  major s o u r c e  
of m e t a l  p a r t i c l e  con tamina t ion .  
Minimize t h e  u s e  of non-meta l l i c  m a t e r i a l s  because  they  a r e  
prone t o  o u t g a s ,  a r e  a  s o u r c e  of p a r t i c u l a t e  con tamina t ion ,  
have a  normal ly  lower mechanical  s t r e n g t h ,  a r e  more temper- 
a t u r e  s e n s i t i v e ,  and do n o t  have t h e  long term s t a b i l i t y  of 
m e t a l s .  
2 .  Pro?-ess C o n t r o l  Guide l ines  
1 )  A l l  s w i t c h  assembly shou ld  t a k e  p l a c e  i n  a  C l a s s  100 c l e a n  
room environment t o  p r e c l u d e  p a r t i c u l a t e  contaminat ion;  an 
ex t remely  s e r i o u s  problem. 
2 )  The t r a n s f e r  of s w i t c h  components between assembly s t a t i o n s  
shou ld  b e  accomplished i n  s e a l e d  p l a s t i c  bags t o  reduce  con- 
t a m i n a t i o n .  
3) Vacuum bake-out of s w i t c h e s  should b e  conducted a t  200°C, 
1 mm p r e s s u r e  f o r  a  minimum of f o u r  hours  t o  p r e v e n t  subse- 
quent  contaminat ing f i l m s  of non-meta l l i c  m a t e r i a l s .  Some 
components may r e q u i r e  a s  much a s  16 hours ,  two c y c l e s .  One 
purge c y c l e  w i t h  d r y  GN2 is  recommended as a minimum. 
4) The out-gass ing h o l e  i n  t h e  s w i t c h  e n c l o s u r e  should b e  s e a l e d  
i n  t h e  b a c k f i l l  chamber, o r  a n  a d j a c e n t  chamber common t o  
t h e  b a c k - f i l l  chamber t o  p r e v e n t  con tamina t ion .  
5) The b a c k - f i l l  and bake-out chamber shou ld  be c leaned a f t e r  
each o p e r a t i o n  t o  remove hydrocarbon ( o i l )  condensa te  from 
chamber w a l l s .  
6 )  During assembly,  each mechanism p i e c e  shou ld  be  checked a g a i n s t  
t h e  i n s t a l l a t i o n  p r i n t  f o r  p roper  i n s t a l l a t i o n .  A go/no-go 
t e s t  shou ld  b e  made f o r  every  c l e a r a n c e  s p e c i f i e d ,  w i t h  no 
h i n d r a n c e  of motion. 
7 )  P l a t i n g  of p i e c e  p a r t s  shou ld  be  avoided.  Where unavoidab le ,  
t h e  p l a t i n g  p r o c e s s  ( t e m p e r a t u r e ,  raw m e t a l  p u r i t y ,  b a t h  
c l e a n l i n e s s ,  v o l t a g e  s t a b i l i t y ,  e t c . )  should  be  c o n t i n u a l l y  
moni tored and c o n t r o l l e d .  I n  a d d i t i o n ,  d e s t r u c t i v e  p a r t s  
a n a l y s e s  should b e  conducted on 5% of t h e  p i e c e  p a r t s  t o  v e r i f y  
p l a t i n g  adherence,  absence  of c r a c k s ,  and t h e  achievement of 
a  f ine -gra ined  s t r u c t u r e .  
8) Cleaning b a t h s  should be  c o n s t a n t l y  f i l t e r e d  and r e c i r c u l a t e d  
w i t h  approximately  a  20% replacement  a f t e r  each c l e a n i n g  pro- 
c e s s .  
9 )  Incoming m a t e r i a l  i n s p e c t i o n  should b e  on a  sample b a s i s  a s  
a  minimum and should v e r i f y  m a t e r i a l s ,  dimensions and t o l e r -  
ances  a s  w e l l  a s  workmanship. M a t e r i a l s  should be s t o r e d  i n  
con tamina t ion  p r o t e c t e d  c o n t a i n e r s  o r  bags .  
3. T e s t  G u i d e l i n e s  
1 )  Q u a l i f i c a t i o n  and a c c e p t a n c e  ( s c r e e n i n g )  t e s t i n g  shou ld  b e  
accomplished u s i n g  MIL-S-8805 f o r  s w i t c h e s  and MIL-C-39019 
f o r  c i r c u i t  b r e a k e r s  a s  a  minimum. A d d i t i o n a l  program pecu- 
l i a r  r e q u i r e m e n t s  shou ld  b e  added a s  r e q u i r e d .  
2) For  a c c e p t a n c e  t e s t i n g  of p r o d u c t i o n  hardware ,  t h e  above spec-  
i f i c a t i o n s  a r e  i n a d e q u a t e  i n  c e r t a i n  a r e a s  and ,  t h e r e f o r e ,  must 
b e  supplemented w i t h  t h e  f o l l o w i n g  i n s p e c t i o n s  and t e s t s .  
3) Rad iograph ic  i n s p e c t i o n  on 100% of t h e  d e v i c e s  should  b e  ac- 
complished i n  accordance  w i t h  more comprehensive i n s p e c t i o n  
c r i t e r i a  such  a s  MSFC-STD-355C t o  d e t e c t  con tamina t ion ,  b e n t  
p a r t s ,  and m i s a l i g n e d  p a r t s .  
4)  For  s w i t c h e s ,  a n  o p e r a t i o n a l  run- in  (2000 c y c l e s  of o p e r a t i o n  
a t  -65OC, 2000 c y c l e s  a t  i-125OC, and 500 c y c l e s  a t  +25OC) 
shou ld  b e  conducted a s  a  100% s c r e e n i n g  t e s t .  The v o l t a g e  
d r o p  a c r o s s  t h e  c o n t a c t s  shou ld  be  moni tored d u r i n g  c y c l i n g  
and t h e  e l e c t r i c a l  c h a r a c t e r i s t i c s  measured a f t e r  t h e  t e s t .  
F o r  c i r c u i t  b r e a k e r s ,  t h e  run- in  shou ld  b e  performed u s i n g  
200, 200, and 50 c y c l e s  a t  t h e  a p p l i c a b l e  t e m p e r a t u r e s ,  and 
w i t h  v e r i f i c a t i o n  of c a l i b r a t i o n  c o n s i s t e n c y .  The v a l u e s  of 
2000, and 200, a r e  upper  l i m i t  v a l u e s  which shou ld  be  reviewed 
f o r  r e d u c t i o n  t o  a v o i d  wear-out of some s h o r t e r - l i f e  d e v i c e s .  
5) S e a l  t e s t s  shou ld  b e  performed on 100% of t h e  d e v i c e s  t o  v e r -  
i f y  t h e  s e a l  i n t e g r i t y .  
6)  A s inewave v i b r a t i o n  t e s t  of 3 0 g t s ,  5-2000 H z ,  shou ld  be  con- 
duc ted  as p a r t  of 100% s c r e e n i n g  w i t h  c o n t a c t  r e s i s t a n c e s  
moni tored d u r i n g  t h e  t e s t  t o  i n s u r e  t h e  absence  of c o n t a c t  
c h a t t e r  and t r a n s f e r .  During v i b r a t i o n ,  b o t h  s w i t c h e s  and 
c i r c u i t  b r e a k e r s  shou ld  be  moni tored f o r  a  s h o r t  t o  c a s e  con- 
d i t i o n ,  a s  w e l l  a s  o t h e r  pa ramete r s .  
7 )  A p a r t i c l e  con tamina t ion  t e s t  shou ld  b e  performed a s  a  100% 
s c r e e n i n g  t e s t .  The ( P I N D )  t e s t  p e r  LMSC s p e c i f i c a t i o n  
1420833 is  recommended. The Raytheon developed p a r t i c l e  de- 
t e c f i o n  t e s t  h a s  some t e c h n i c a l  a d v a n t a g e s ,  such  a s  b e t t e r  
d e t e c t i o n  of s m a l l e r  non-meta l l i c  p a r t i c l e s .  However, t h i s  
t e s t  i s  more t ime  consuming and c o s t l y  and ,  t h e r e f o r e ,  most 
p a r t  s p e c i a l i s t s  c o n s i d e r  t h e  PIND t e s t  a s  more c o s t - e f f e c t i v e .  
8) A c c e l e r a t e d  t e s c i n g  i s  b a s i c a l l y  accomplished by t h e  run- in  
t e s t i n g  d e s c r i b e d  above. However, one v a r i a n t  which shou ld  
be  c o n s i d e r e d  f o r  s e l e c t i v e  a p p l i c a t i o n  i s  t h e  exposure  of 
t h e  non-operat ing d e v i c e  t o  h i g h  t e m p e r a t u r e  fol lowed by 
o p e r a t i o n  under a v e r y  l i g h t  l o a d  t o  e s t a b l i s h  t h a t  o u t g a s s i n g  
of i n o r g a n i c  m a t e r i a l  h a s  n o t  produced a con tamina t ion  f i l m  
on t h e  c o n t a c t s .  Th i s  a c c e l e r a t e d  t e s t  approach is  aimed a t  
a f i n a l  v e r i f i c a t i o n  of t h e  adequacy of t h e  bake-out p r o c e s s e s .  
4. A p p l i c a t i o n  G u i d e l i n e s  
1 )  Cur ren t  shou ld  be  d e r a t e d  a s  f o l l o w s :  
Type of Load P e r c e n t  of Manufac tu re r s  R a t i n g  
R e s i s t i v e  7 5% 
I n d u c t i v e  
Motor 
F i l ament  10% 
C a p a c i t o r  7 5% 
2 )  When e s t i m a t i n g  l i f e  c y c l e  r e q u i r e m e n t s ,  avo id  a f a l s e  l i f e  
assessment .  Count t h e  t o t a l  c y c l e s  t o  b e  accrued i n  a c c e p t a n c e  
t e s t i n g  and p re launch  checkouts ,  i n  a d d i t i o n  t o  t h e  m i s s i o n  
usage  c y c l e s .  
3)  Switch a p p l i c a t i o n s  i n  d i g i t a l  c i r c u i t s  must be c a r e f u l l y  re- 
viewed t o  a s s u r e  t h a t  c o n t a c t  bounce o r  c h a t t e r  w i l l  n o t  be  
i n t e r p r e t e d  a s  a c i r c u i t  i n t e r r u p t i o n  which w i l l  produce l o g i c  
e r r o r s .  
4) Swi tches  and c i r c u i t  b r e a k e r s  a r e  s u b j e c t  t o  c o n t a c t  c h a t t e r  
i n  h i g h  shock and v i b r a t i o n  environments ,  and t h e s e  environ-  
ments may d i c t a t e  t h e  u s e  of s o l i d - s t a t e  d e v i c e s .  The mounting 
of s w i t c h e s  and c i r c u i t  b r e a k e r s  shou ld  be  des igned t o  minimize  
v i b r a t i o n  and shock a m p l i c a t i o n  o r  t o  p r o v i d e  t h e  n e c e s s a r y  
i s o l a t i o n .  
5) Where a c i r c u i t  b reaker  hang-up o r  f a i l u r e  t o  t r i p  can jeop- 
a r d i z e  t h e  m i s s i o n ,  redundant  c i r c u i t  b r e a k e r s  shou ld  b e  u s e d .  
On t h e  Skylab Program, t h i s  i s  accomplished by having c i r c u i t  
b r e a k e r s  i n  t h e  v a r i o u s  b ranches  of t h e  power d i s t r i b u t i o n  
t ree .  
6 )  C o n t a c t s  may be p a r a l l e l e d  t o  r educe  t h e  e f f e c t s  of c o n t a c t  
bounce and v i b r a t i o n ,  and f o r  redundancy.  T h i s  purpose  h a s  
been ach ieved  u s i n g  b i f u r c a t e d  c o n t a c t s .  NOTE: Do n o t  
p a r a l l e l  s w i t c h  c o n t a c t s  t o  i n c r e a s e  c u r r e n t  b r e a k i n g  and 
making c a p a b i l i t y .  One s e t  of c o n t a c t s  w i l l  c l o s e  f i r s t  and 
c a r r y  e x c e s s i v e  l o a d .  
LIFE LIMITING PROBLEMS AND SOLUTIONS 
1. F a i l u r e  Mechanisms A n a l y s i s  
The f a i l u r e  mechanisms of s w i t c h e s  and c i r c u i t  b r e a k e r s  a r e  l i s t e d  
i n  Tab le  1. The f a i l u r e  modes a r e  opens ,  s h o r t s ,  i n t e r m i t t a n t s ,  
and f a i l u r e  t o  o p e r a t e .  The f a i l u r e  mechanisms most f r e q u e n t l y  
encountered a r e  d i s c u s s e d  a s  f o l l o w s :  
1 )  Deformed C o n t a c t s  
Deformed o r  m i s a d j u s t e d  c o n t a c t s  found i n  a  complete  assembly 
a r e  a  r e s u l t  of poor manufactur ing and i n s p e c t i o n  p r a c t i c e s .  
The manufac tu r ing  p r o d u c t i o n  l i n e  shou ld  b e  o p e r a t e d  s o  t h a t  
p e r i o d i c  i n s p e c t i o n  s t a t i o n s  a r e  employed a s  a  p a r t  of each 
s w i t c h  b u i l d  c y c l e .  Each i n s p e c t i o n  s t a t i o n  shou ld :  
V e r i f y  p i e c e  p a r t  d e s i g n  conformance. 
V e r i f y  assembly f i t ,  placement and i n t e r f a c e  t o l e r a n c e s .  
V e r i f y  subassembly and assembly mechan ica l  f u n c t i o n  t o  
c l o s u r e .  
2 )  Loose o r  Broken C o n t a c t s  
Loose o r  broken c o n t a c t s  a r e  caused by i n a d e q u a t e  welding t o  
t h e  h e a d e r ,  frame o r  s u p p o r t  b r a c k e t ,  e x c e s s i v e  shock and v i -  
b r a t i o n  d u r i n g  h a n d l i n g ,  o r  l a c k  of assembly c o n t r o l s .  Good 
p r o c e s s  c o n t r o l ,  i n s p e c t i o n ,  and c o n t r o l l e d  h a n d l i n g  w i l l  
e l i m i n a t e  t h e s e  f a i l u r e s .  
3) Terminat ion S e p a r a t i o n  
Termina t ion  s e p a r a t i o n  i s  a  r e s u l t  of i n a d e q u a t e  w i r e  o r  ter- 
mina l  r o u t i n g  c l e a r a n c e s  which can r e s u l t  i n  a c t u a t i o n  mech- 
anism i n t e r f e r e n c e ,  s h a r p  bend r a d i i  which can r e s u l t  i n  
k n) 
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breakage  of w i r e ,  d e f e c t i v e  s o l d e r  j o i n t s ,  o v e r s t r e s s e d  s o l d e r  
j o i n t s ,  o r  d e f e c t i v e  we lds ,  due t o  contaminated p a r t s ,  o r  l a c k  
of weld s c h e d u l e  c o n t r o l .  
Rout ing c l e a r a n c e s  and bend r a d i i  must be e s t a b l i s h e d  by de- 
s i g n  and e n f o r c e d  th rough  c o n t r o l  i n s p e c t i o n  s t a t i o n s .  Cold 
s o l d e r  j o i n t s  w i l l  b e  p reven ted  by employee e d u c a t i o n  (NASA 
So lder  C e r t i f i c a t i o n ) ,  and i n s p e c t i o n .  S t r e s s e d  s o l d e r  j o i n t s  
a r e  p reven ted  by i n c o r p o r a t i n g  l e a d  s t r e s s  r e l i e f .  Weld ad- 
h e s i o n s  w i l l  b e  o b t a i n e d  by e m p i r i c a l l y  d e t e r m i n i n g  t h e  pre-  
c i s e  weld s c h e d u l e ,  and m a i n t a i n i n g  c o n t i n u a l  c o n t r o l  of t h e  
weld schedu le .  Use of power r e g u l a t i o n  i n s i d e  t h e  f a c t o r y  t o  
minimize t h e  e f f e c t  of l i n e  v a r i a t i o n s ,  and thorough c l e a n i n g  
of i n d i v i d u a l  p i e c e  p a r t s  by u l t r a s o n i c  b a t h s  is  d e s i r a b l e .  
4 )  Contamination 
Contaminat ion i s  t h e  major problem i n  s w i t c h e s .  Fi lms and 
o x i d e s  can  form on c o n t a c t s '  s u r f a c e s  and c r e a t e  a  h i g h  re -  
s i s t a n c e .  Loose m e t a l  p a r t i ~ l e s  can become lodged between 
l i n k a g e  members and r e n d e r  t h e  s w i t c h  i n o p e r a t i v e  o r  a d h e r e  
t o  open c o n t a c t s  and c r e a t e  a  s h o r t .  The c o n t r o l  of contam- 
i n a t i o n  must b e  a  c o n s i d e r a t i o n  i n  every s t e p  of t h e  p r o d u c t i o n  
p r o c e s s  and shou ld  i n c l u d e  c l e a n i n g  b a t h s ,  v i s u a l  i n s p e c t i o n  
s t a t i o n s  and incoming m a t e r i a l s  c o n t r o l .  Contamination can 
b e  minimized i n  t h e  s w i t c h  assembly by performing t h e  assembly 
i n  a  C l a s s  100 c l e a n  room. Nei the r  t h e  Raytheon developed 
p a r t i c l e  d e t e c t i o n  t e s t  nor t h e  Lockheed PIND t e s t  a r e  100% 
e f f e c t i v e  as s c r e e n i n g  t e s t s  and;  t h e r e f o r e ,  every  p r a c t i c a l  
means shou ld  be  employed i n  i n i t i a l l y  f a b r i c a t i n g  s w i t c h e s  
which a r e  c l e a n .  
5) Contact  Cor ros ion  
I t  i s  a  f a i l u r e  mechanism due t o  e x t e r n a l  s u l f i d e s ,  s u l f a t e s ,  
c h l o r i n a t e s ,  m o i s t u r e  and s a l t ,  and i n t e r n a l  i m p u r i t i e s  from 
o u t g a s s i n g  of non-meta l l i c  m a t e r i a l s ,  s o l d e r  r e s i n ,  body o i l s ,  
and w i r e  l u b r i c a n t s .  The f a i l u r e  mode i s  h i g h  c o n t a c t  r e s i s -  
t a n c e  and opens.  The e n c l o s u r e  must be  s e a l e d  by e l e c t r o n  
beam welding t o  reduce  e x t e r n a l  c o r r o s i v e  con tamina t ion .  The 
c a v i t y  must be  c l e a n e d ,  vacuum baked, and b a c k - f i l l e d  w i t h  GN2 
t o  minimize i n t e r n a l  c o r r o s i v e  con tamina tes .  Contac t s  must b e  
made of m a t e r i a l s  impervious  t o  chemical  o x i d a t i o n  and r e -  
d u c t i o n  f o r  f u r t h e r  r e s i s t a n c e  t o  c o r r o s i o n .  Gold,  p la t inum,  
s i l v e r ,  n i c k e l ,  pe l l ad ium,  and t h e i r  a l l o y s  a r e  s u c c e s s f u l  
c o n t a c t  m a t e r i a l  d e t e r r e n t s  t o  c o r r o s i o n .  
6) I n c o r r e c t  Opera t ing  and R e l e a s e  F o r c e s  
I n c o r r e c t  o p e r a t i n g  and r e l e a s e  f o r c e s  a r e  f a i l u r e  mechanisms 
t h a t  c a u s e  f a l s e  s w i t c h  o p e r a t i o n  o r  f a i l u r e  of t h e  s w i t c h  
t o  o p e r a t e .  T h i s  mechanism i s  caused by mechanical  m i s a l i g n -  
ment of  a c t u a t i o n  mechanism members, con tamina t ion ,  l o o s e  o r  
d e f e c t i v e  p a r t s ,  e x c e s s i v e  wear on p a r t s  improper ly  i n s t a l l e d ,  
and c o r r o s i o n .  The methods t o  d e t e c t  t h i s  mechanism i s  th rough  
f u n c t i o n a l  t e s t i n g  and measurements. The most e f f e c t i v e  means 
t o  e l i m i n a t e  t h i s  mechanism i s  by improved p r o d u c t i o n  c o n t r o l s .  
7 )  Improper Opera t ing  Displacement  of t h e  A c t i v a t i n g  Mechanism 
Examples of t h e s e  f a i l u r e  mechanisms a r e ,  a  t o g g l e  l e v e r  t h a t  
has  improper t r a v e l ,  a  push b u t t o n  t h a t  does  n o t  move under  
i t s  des igned  l o a d ,  a  r o t a r y  s w i t c h  w i t h  no d e t e n t  o r  s t o p s ,  
o r  a  r o c k e r  t h a t  does  n o t  a c t u a t e  i t s  s w i t c h .  These a n o m a l i e s  
a r e  caused by t h e  u s e  of i n c o r r e c t  p a r t s ,  o m i t t i n g  a  s p r i n g  
member, f a i l i n g  t o  c a p t i v a t e  t h e  a c t u a t i o n  s p r i n g ,  o r  pa r -  
t i c l e s  which become lodged i n  t h e  mechanism and r e n d e r  i t  in- 
o p e r a t i v e .  Improper h e a t  t r e a t m e n t  of a c t u a t i o n  p a r t s  w i l l  
cause  premature  f a i l u r e  due  t o  b r e a k i n g  o r  bending of p a r t s  
when s t r e s s e d  d u r i n g  o p e r a t i o n .  Switches  b u i l t  u s i n g  t h e  in-  
c o r r e c t  p a r t s  can c a u s e  e x c e s s i v e  f o r c e  and wear on c o n t a c t s  
which w i l l  r e d u c e  t h e i r  u s e f u l  l i f e .  These c a u s e s  a r e  d e t e c t e d  
by f u n c t i o n a l  t e s t i n g  and measurements. The a c t u a t i n g  f o r c e ,  
l e v e r  t r a v e l ,  p r e - t r a v e l ,  o v e r t r a v e l ,  changes i n  c o n t a c t  r e -  
s i s t a n c e ,  l o s s  of i n s u l a t i o n  r e s i s t a n c e  a r e  e f f e c t i v e  d e t e c t i o n  
methods. The method t o  e l i m i n a t e  t h e  c a u s e s  i s  improved p ro -  
d u c t i o n  c o n t r o l ,  e s p e c i a l l y  of t h e  p r o d u c t i o n  b u i l d  c y c l e  
which i s  t o  i n c l u d e  p e r i o d i c  i n s p e c t i o n  s t a t i o n s  t o  a s s u r e  
c o r r e c t  and p roper  b u i l d  s c h e d u l e s .  
8) E x t e r n a l  F a i l u r e  Mechanisms 
The f a i l u r e  mechanisms a s s o c i a t e d  w i t h  t h e  e x t e r n a l  p o r t i o n s  
of a  s w i t c h  f o l l o w s .  These f a i l u r e  mechanisms can b e  d e t e c t e d  
by v i s u a l  examina t ion ,  p h y s i c a l  measurements and e l e c t r i c a l  
parameter  t e s t s .  These mechanisms may be  e l i m i n a t e d  by em- 
p loy ing  improved p r o d u c t i o n  c o n t r o l s ,  i n s p e c t i o n s ,  i n - l i n e  
t e s t i n g  and s t r i n g e n t  f i n a l  a c c e p t a n c e  t e s t i n g .  
Poor t e r m i n a l  p l a t i n g  c a u s i n g  l o s s  of e l e c t r i c a l  c o n t i n u i t y .  
I n c o r r e c t  c a s e  d imensions  c a u s i n g  o p e r a t i o n a l  i n t e r f e r e n c e  
w i t h  t h e  a c t u a t i o n  mechanism. 
Binding of t h e  movable c o n t a c t s  caus ing  e x c e s s i v e  f o r c e  t o  
o p e r a t e  t h e  a c t u a t i o n  mechanism and breakage of i n t e r n a l  p a r t s .  
Terminal  spac ing  t h a t  i s  t o o  c l o s e  t h a t  w i l l  make t e r m i n a t i n g  
of l e a d s  d i f f i c u l t  and can cause  damage t o  t h e  a d j a c e n t  t e r -  
mina l  o r  c r e a t e  a  s h o r t e d  c o n d i t i o n  between l e a d s .  
Damaged, l o o s e ,  corroded o r  d i r t y  t e r m i n a l s  are c o n t r i b u t i n g  
causes  of e l e c t r i c a l  d i s c o n t i n u i t y .  
Design 
a. SeZection Cr i ter ia  fo r  Switches - General  g u i d e l i n e s  f o r  t h e  
s e l e c t i o n  of r e l i a b l e ,  l o n g - l i f e  swi tches  a r e  p r e s e n t e d  i n  Tab le  
2 .  There i s  a n  enormous v a r i e t y  t o  choose from which may be  used 
i n  many d i f f e r e n t  ways. It i s  n e c e s s a r y  t o  b e  f a m i l i a r  w i t h  t h e  
p r i n c i p a l  t y p e s  and t h e  c o n s i d e r a t i o n s  gu id ing  s w i t c h  s e l e c t i o n  
i n  o r d e r  t o  o p t i m i z e  sys tem des ign .  Many s w i t c h  t y p e s  a r e  custom 
designed f o r  s p e c i f i c  a p p l i c a t i o n s .  P a r t i c u l a r  a t t e n t i o n  must be  
d i r e c t e d  toward t h e  s w i t c h  a p p l i c a t i o n  and i t s  environment.  
S p e c i a l  s w i t c h e s  and RF s w i t c h e s  a r e . n o t  cons idered  i n  t h i s  r e p o r t .  
Examples of t h e s e  t y p e s  a r e :  Mechanical -actuated s w i t c h e s ,  tem- 
p e r a t u r e - a c t u a t e d  s w i t c h e s ,  p rox imi ty -ac tua ted  s w i t c h e s ,  and p res -  
s u r e - a c t u a t e d  s w i t c h e s .  
The d e s i g n  c o n s i d e r a t i o n s  f o r  t h e  s w i t c h  e n c l o s u r e ,  c o n t a c t s ,  and 
actuation mechanism a r e  d i s c u s s e d  i n  t h e  fo l lowing  paragraphs .  
1 )  Enc losure  - Switches  may b e  purchased e i t h e r  open,  enc losed  
f o r  s h i e l d i n g ,  enc losed  f o r  d u s t  and m o i s t u r e  p r o t e c t i o n ,  o r  
enc losed  u s i n g  a  he rmet ic  s e a l i n g  t echn ique  which p r o v i d e s  
t h e  maximum s w i t c h  p r o t e c t i o n .  I n  a p p l i c a t i o n s  where long- 
l i f e  and h i g h e r  r e l i a b i l i t y  a r e  r e q u i r e d ,  t h e  he rmet ic  s e a l e d  
e n c l o s u r e  i s  recommended. 
Hermetic s e a l i n g  shou ld  be  accomplished by e l e c t r o n  beam 
welding t o  e l i m i n a t e  t h e  i n t r o d u c t i o n  of s o l d e r  b a l l s ,  s o l d e r  
f l u x ,  o r  o t h e r  contaminants .  The e n c l o s u r e  m a t e r i a l s  should  
b e  a  d u r a b l e  m e t a l / a l l o y  such a s  n i c k e l  a l l o y ,  t i n  p l a t e d .  
Meta l s  of cadmium o r  z i n c  a r e  n o t  t o  be used i n  p a r t s  f o r  space  
a p p l i c a t i o n s  because  t h e y  s u b l i m a t e  under vacuum c o n d i t i o n s .  
Table 2 Design Factors f o r  the Long-Life kssurunee 
of &i-l;chas and PLrcuit B~aakers 
-- 
Design Factor Remarks 
Enclosure Use hermetically sealed switches where the seal has been 
accomplished by electron beam welding to eliminate solder 
and solder flux contamination; backfill the cavity with a 
dry, inert gas. Hermetically sealed circuit breakers are 
desirable, but may not be available. 
Use corrosion resistant metals. Do not use cadmium or 
zinc. 
Contacts Switch contacts for loads less than 500 milliamperes should 
be gold plated. Contacts for greater loads should be 
alloys of nickel, platinum, silver, or palladium. The contact gap 
should be sufficient to extinguish the arc. Contact opera- 
tion should have a wiping action to clean the contact 
surfaces. 
In circuit breakers,the arc path should not be on the 
mating surfaces, 
Actuation Teaseable switches should not be used. 
Mechanism Spring members should be securely captivated. 
Spring members should have a low hysteresis and adequate 
fatigue life. 
Use snap action mechanisms to'decrease arc time and increase 
contact life. 
The design should not be sensitive to mounting direction. In 
high vibration environments, center-of-gravity mountings 
are preferred. 
Internal connections and wires should be placed to prevent 
possible interference with moving parts. 
Non-metallic materials and lubricants should be minimized 
to the maximum extent practicable. 
Lubricants and non-metallic materials should be reviewed to 
assure that they will not outgas and contaminate the contacts. 
Select circuit breakers with the simplest mechanisms. Avoid 
complex mechanisms. 
Avoid plating on internal parks. 
Avoid getter devices,  
Se lec t  designs least susceptible to contamination. 
Some h e r m e t i c a l l y  sea led  s w i t c h e s  a r e  b a c k - f i l l e d  w i t h  a n  in -  
e r t  g a s ,  u s u a l l y  n i t r o g e n ,  depending on t h e  s w i t c h  r e q u i r e -  
ments and t h e  manufac tu re r ,  t o  p r o v i d e  a  more c o n t r o l l e d  en- 
vironment t h a t  a i d s  i n  p r o v i d i n g  a  longer  s w i t c h  l i f e .  
Terminals  shou ld  be  a d e q u a t e l y  spaced and des igned  t o  r e d u c e  
s t r a i n  on t h e  g l a s s  header .  C o e f f i c i e n t s  of the rmal  expansion 
between g l a s s  and m e t a l  shou ld  b e  matched. 
There  a r e  many a p p l i c a t i o n s  where a  numer ica l  le t ter  o r  w r i t -  
t e n  d i s p l a y  i s  needed w i t h  a  s w i t c h  o p e r a t i o n ,  such  a s  on a  
d i s p l a y  p a n e l .  These  s w i t c h e s  may be  enc losed  w i t h  e i t h e r  
a n  env i ronmenta l  s e a l  o r  t h e  b a s i c  s w i t c h  u n i t  may b e  hermet- 
i c a l l y  s e a l e d  and t h e  d i s p l a y  and a c t u a t i o n  mechanism a t t a c h e d  
t o  t h e  s w i t c h  a s  t h e  a p p l i c a t i o n  d i c t a t e s .  
C a r e f u l  a t t e n t i o n  shou ld  b e  d i r e c t e d  t o  t h e  v i b r a t i o n  and 
shock r e q u i r e m e n t s  t h e  s w i t c h  may exper ience  t o  avo id  c h a t t e r  
and t r a n s f e r  problems. I n  h i g h  v i b r a t i o n  environments ,  h i g h l y  
c a n t i l e v e r e d  d e s i g n s  can have a  h i g h  v i b r a t i o n  a m p l i f i c a t i o n .  
I n  some c a s e s  i t  i s  d e s i r a b l e  t o  l o c a t e  t h e  mounting hardware 
a t  t h e  c e n t e r  of g r a v i t y  of t h e  s w i t c h  t o  lower v i b r a t i o n  
a m p l i f i c a t i o n .  
C o n t a c t s  - Contac t  m a t e r i a l s  a r e  a n  impor tan t  concern ,  espe- 
c i a l l y  f o r  extended l i f e  a p p l i c a t i o n s .  The m e t a l s  commonly 
employed a r e  p la t inum,  pa l l ad ium,  s i l v e r ,  n i c k e l ,  and g o l d .  
Many manufac tu re r s  c o n s i d e r  t h e i r  c o n t a c t  m a t e r i a l  and con- 
t r o l s  p r o p r i e t a r y ;  t h e r e f o r e ,  a  s p e c i f i c  c o n t a c t  m a t e r i a l  is  
n o t  recommended. The h a r d e r  a l l o y s  t h a t  p rov ide  long  wear 
c h a r a c t e r i s t i c s  and reduced o x i d a t i o n  p r o p e r t i e s  a r e  t h e  most 
s u i t a b l e .  Gold p l a t e d ,  o r  g o l d  a l l o y  c o n t a c t s ,  a r e  p r e f e r r e d  
f o r  low c u r r e n t  (dry  c i r c u i t )  s w i t c h i n g  a p p l i c a t i o n s .  S e l f -  
c l e a n i n g  d e s i g n s  a r e  recommended. S e l f - c l e a n i n g  i s  ach ieved  
by a wiping o r  s l i d i n g  a c t i o n  of one c o n t a c t  over  t h e  o t h e r  
d u r i n g  t h e  s w i t c h i n g  o p e r a t i o n .  An extreme example of t h i s  
a c t i o n  would b e  a  k n i f e - b l a d e  t y p e  s w i t c h .  O v e r t r a v e l  can 
p rov ide  t h e  n e c e s s a r y  wiping a c t i o n  t o  a i d  i n  c o n t a c t  c l e a n i n g .  
Th is  t y p e  a c t i o n  h e l p s  b reak  through f i l m s  and o x i d e  l a y e r s  
on t h e  c o n t a c t  s u r f a c e s .  The f i l m  may be  s u l f i d e s ,  s u l f a t e s  
o r  c h l o r i n a t e s  of t h e  c o n t a c t  m a t e r i a l ,  a s  w e l l  a s  i m p u r i t i e s ,  
such a s  w a t e r / o i l  v a p o r s  d u s t ,  d i r t  and o t h e r  con taminan ts .  
Contac t  bounce i s  a s s o c i a t e d  w i t h  t h e  s w i t c h  mechanism de- 
s i g n  r a t h e r  t h a n  t h e  c o n t a c t  d e s i g n .  It  should  b e  c a r e f u l l y  
c o n s i d e r e d ,  e s p e c i a l l y  i n  t h o s e  c i r c u i t s  where d i g i t a l  l o g i c  
p u l s e s  a r e  invo lved .  Con tac t  bounce can  e a s i l y  appear  a s  a  
s w i t c h i n g  o p e r a t i o n ,  depending on c i r c u i t  r e s p o n s e  t ime.  
P roper  s w i t c h  s e l e c t i o n  f o r  t h e  i n t e n d e d  a p p l i c a t i o n  is  r e -  
q u i r e d .  
A c t u a t i o n  Mechanisms - The a c t u a t i o n  mechanism ( t h e  assembly,  
o r  p a r t  which m a i n t a i n s  and changes t h e  movable c o n t a c t s '  
p o s i t i o n )  shou ld  be  of s i m p l e  d e s i g n  and p r o v i d e  f o r  mechan- 
i c a l  advan tage ,  e s p e c i a l l y  i f  t h e  s w i t c h  i s  hand o p e r a t e d .  
The s n a p - a c t i o n  a c t u a t i o n  is  p r e f e r r e d .  Snap a c t i o n  p r o v i d e s  
a  f a s t  b r e a k  and f a s t  make o p e r a t i o n .  T h i s  d e c r e a s e s  t h e  
c o n t a c t  a r c  t ime  and y i e l d s  l o n g e r  c o n t a c t  l i f e .  Swi tches  
which have " t e a s e a b l e "  a c t u a t i o n  s h o u l d  n o t  be  used .  T e a s e a b l e  
a c t i o n  is  where a  s e t  of c o n t a c t s  may b e  opened and c l o s e d  
a g a i n  w i t h o u t  complet ing a  s w i t c h  o p e r a t i o n .  A s w i t c h  oper-  
a t i o n  i s ,  f o r  example, where a  t o g g l e  l e v e r  i s  moved from 
"normal ly  open" t o  "normally c losed" ,  o r  from "of f "  t o  "on." 
Th i s  t e a s e a b l e  a c t i o n  i s  n o t  t o  be  confused w i t h  a  momentary 
a c t i o n  s w i t c h .  
For Long- l i f e ,  s p r i n g  members shou ld  be  des igned t o  work w e l l  
below t h e  y i e l d  s t r e n g t h .  P r e c i s e  v a l u e s  were n o t  e s t a b l i s h e d  
i n  t h i s  s t u d y ,  b u t  i t  a p p e a r s  t h a t  l e s s  t h a n  50% of y i e l d  i s  
d e s i r a b l e .  
A l l  i n t e r n a l  p a r t s  shou ld  b e  des igned  and i n s t a l l e d  s o  t h e r e  
i s  L i t t l e  p o s s i b i l T t y  of becoming de tached .  I n t e r n a l  p a r t s  
should  b e  p o s i t i o n e d  t o  e l i m i n a t e  any p o s s i b l e  i n t e r f e r e n c e s ,  
e i t h e r  i n i t i a l l y ,  o r  w i t h  a g i n g  and wear.  Non-metall ic ma- 
t e r i a l s  such  a s  p l a s t i c s  and l u b r i c a n t s  shou ld  b e  e l i m i n a t e d  
t o  t h e  maximum e x t e n t  p r a c t i c a b l e  s i n c e  such  m a t e r i a l s  l a c k  
t h e  long-term s t a b i l i t y  of m e t a l s  and they  a r e  p o t e n t i a l  
s o u r c e s  of o u t g a s s i n g  t h a t  could  produce a  con tamina t ing  f i l m  
on t h e  c o n t a c t s .  P l a t i n g  of i n t e r n a l  p a r t s  i s  a  s o u r c e  of 
con tamina t ion  and shou ld  be avo ided .  
Rotary  s w i t c h e s  shou ld  have a  d e t e n t  o r  s p r i n g  l o c k i n g  d e v i c e  
t o  m a i n t a i n  t h e  s e l e c t e d  p o s i t i o n .  The moving mechanism, 
and c o n t a c t s ,  shou ld  b e  c o n s t r u c t e d  such  t h a t  b r i d g i n g  from 
one p o l e  t o  t h e  n e x t  on a  break-before-make d e s i g n  does  n o t  
occur  w i t h  normal wear. When a c c e s s o r i e s ,  such a s  b o a t s ,  
mechanical  l o c k s  o r  l e v e r s ,  i d e n t i f i c a t i o n ,  knobs,  l i n k a g e s ,  
s h i e l d s ,  e t c . ,  a r e  used ,  t h e y  shou ld  b e  assembled such t h a t  
they do n o t  i n h i b i t  o r  a l t e r  t h e  s w i t c h  o p e r a t i o n .  
b. Se Zection Criteria for Circuit Breakers - General  g u i d e l i n e s  
f o r  t h e  s e l e c t i o n  of r e l i a b l e ,  l o n g - l i f e  c i r c u i t  b r e a k e r s  a r e  p r e -  
s e n t e d  i n  T a b l e  2 .  
E lec t romechan ica l  c i r c u i t  b r e a k e r s  a r e ,  f o r  t h e  most p a r t ,  of t h r e e  
b a s i c  t y p e s .  The the rmal  c i r c u i t  b r e a k e r  i s  a c t u a t e d  by a  temper- 
a t u r e  change of a  b i m e t a l l i c  e lement .  The thermalmagnet ic  c i r c u i t  
b r e a k e r  t y p e  o p e r a t e s  t h e  same way up t o  t h e  p o i n t  of opening.  
A t  t h i s  p o i n t ,  a  magnet a s s i s t s  t h e  b i m e t a l  element i n  t r i p p i n g  
t h e  c o n t a c t s  open. The hydraul ic-magnet ic  c i r c u i t  b r e a k e r  t y p e  
h a s  a  s o l e n o i d  w i t h  a  dashpot  t ime-delaying e lement .  Changes i n  
c u r r e n t  changes  t h e  magnet ic  f i e l d  which,  w i t h  a n  i n c r e a s e ,  moves 
t h e  t r i p  l e v e r .  I f  t h e  c u r r e n t  i n c r e a s e  i s  s low,  t h e  i r o n  c o r e  
i n  t h e  s o l e n o i d  moves a g a i n s t  t h e  damping f l u i d  and i n c r e a s e s  t h e  
magne t ic  f i e l d  t o  c a u s e  t h e  t r i p  l e v e r  t o  c l o s e  which opens t h e  
c o n t a c t s .  
The the rmal  and thermal-magnetic b r e a k e r s  depend upon h e a t  f o r  
t r i p p i n g  and,  t h e r e f o r e ,  t h e r e  i s  v e r y  l i t t l e  d i f f e r e n c e  i n  t h e i r  
c h a r a c t e r i s t i c s  when used on 60 Hz o r  d i r e c t  c u r r e n t .  The hy- 
d rau l ic -magne t ic  b r e a k e r  has  a  d i f f e r e n t  ampere-turn r a t i o  f o r  a c  
t h a n  f o r  d c ,  and t h e r e f o r e  they  shou ld  be  used w i t h  t h e i r  respec-  
t i v e  t y p e s  of c u r r e n t .  The t y p i c a l  r e s p o n s e ,  s h o r t  t ime,  i s  a t  
approx imate ly  100-200% of r a t e d  c u r r e n t .  However, t ime-delay 
b r e a k e r s  may n o t  respond u n t i l  over  1000% of r a t e d  c u r r e n t ,  depend- 
i n g  on t h e  d e s i g n .  
A v a l u a b l e  f e a t u r e  f o r  c i r c u i t  b r e a k e r s  is a  c o n t a c t  a r c  damping 
o r  a r c  i n t e r r u p t i o n .  One system u s e s  a  c o n t a c t  b reak ing  system 
such  t h a t  t h e  a r c  drawn does  n o t  t a k e  p l a c e  on t h e  c o n t a c t  mat ing  
s u r f a c e .  Another sys tem u s e s  a n  a r c  b reak ing  d e v i c e  t o  b reak  t h e  
a r c  up i n t o  a  s e r i e s  of s m a l l  a r c s .  
Where a  b r e a k e r  i s  used i n  s w i t c h  a p p l i c a t i o n s ,  a r c  p r o t e c t i o n  is 
of s i g n i f i c a n t  v a l u e .  The snap  a c t i o n  d e c r e a s e s  a r c  t ime  and t h u s  
i n c r e a s e s  c o n t a c t  l i f e .  Also ,  t h e  wiping a c t i o n  o r  s e l f - c l e a n i n g  
of t h e  mat ing s u r f a c e s  a s  t h e  c o n t a c t s  mates ,  i s  recommended t o  
keep t h e  c o n t a c t s  c l e a n  and b reak  up t h e  f i l m s  and o x i d e s  t h a t  form 
on t h e  c o n t a c t s  from i m p u r i t i e s .  Environment r e s i s t i n g  c i r c u i t  
b r e a k e r s  and t h e i r  p a r t s  a r e  n e c e s s a r y  f o r  l o n g - l i f e  a p p l i c a t i o n s .  
Breakers  shou ld  have f u n g u s - r e s i s t a n t  m a t e r i a l s ,  explosion-proof 
s e a l e d  e n c l o s u r e s  and be  r e s i s t a n t  t o  v i b r a t i o n ,  shock, m o i s t u r e ,  
s a l t  s p r a y ,  sand ,  d u s t ,  h e a t  and a l t i t u d e .  
The s e l e c t i o n  c r i t e r i a  p r e v i o u s l y  d i s c u s s e d  f o r  s w i t c h e s ,  i s  f o r  
t h e  most p a r t ,  a p p l i c a b l e  t o  c i r c u i t  b r e a k e r s .  However, one s i g -  
n i f i c a n t  d i s t i n c t i o n  should be made. A s  compared t o  s w i t c h e s ,  
circuit b r e a k e r s  a r e  less susceptible t o  failure due t o  contam- 
i n a t i o n ,  s i n c e  t h e y  u s u a l l y  hand le  much h i g h e r  c u r r e n t  l e v e l s  and 
a r e  n o r m a l l y  c l o s e d .  On t h e  o t h e r  hand, t h e y  a r e  much more sus- 
c e p t i b l e  t o  f a i l u r e  of t h e  a c t u a t i n g  mechanism, s i n c e  t h e  mechanisms 
a r e  n o t  on ly  much more complex, b u t  wear and f a t i g u e  from h i g h  
impact l o a d s  becomes a  f a c t o r .  
There  i s  a  l a r g e  v a r i e t y  of c i r c u i t  b reaker  a c t u a t i o n  mechanisms. 
They v a r y  from t h e  s imple  s e r i e s  t r i p  mechanism t o  remote o p e r a t e d  
and s p e c i a l  t r a n s i e n t  overvo l tage-overcur ren t  mechanisms. For 
l o n g - l i f e  u s e ,  t h e  l e a s t  complex mechanism t h a t  w i l l  do t h e  r e q u i r e d  
j o b  i s  recommended. Because of t h e  f a i l u r e  r i s k  i n h e r e n t  i n  t h e  
a c t u a t i n g  mechanism, t h e  p r e f e r r e d  d e s i g n  is  t h e  d e s i g n  which can 
s t i l l  o p e r a t e  s a t i s f a c t o r i l y  w i t h  some wear ,  and d e s p i t e  t o l e r a n c e  
s tack-up problems, o r  nominal v a r i a t i o n s  i n  t h e  dimensions  of t h e  
many p a r t s  and l i n k a g e s .  A s e l e c t e d  c i r c u i t  b r e a k e r  shou ld  have 
t h e  r e l i a b i l i t y  of t h e  mechanism a l r e a d y  w e l l  e s t a b l i s h e d  by t e s t  
programs and by s u c c e s s f u l  p r i o r  usages  on o t h e r  programs. 
c. ResuZts of Industry Survey - An i n d u s t r y  su rvey  f a i l e d  t o  
i d e n t i f y  any new o r  un ique  t e s t  approaches  f o r  s w i t c h e s  and c i r c u i t  
b r e a k e r s .  The p r a c t i c e s  of v i b r a t i o n  s c r e e n i n g  and x-ray inspec-  
t i o n ,  l i s t e d  i n  Tab le  3,  a r e  c o n v e n t i o n a l ,  n o t  new o r  unique,  ap- 
p roaches .  
d. AZternate Approaches - S o l i d - s t a t e  c i r c u i t  b r e a k e r s  do no t  
have wear o u t  f a i l u r e  modes, and have a  much g r e a t e r  p o t e n t i a l  f o r  
l o n g - l i f e  and h i g h  r e l i a b i l i t y .  Hence, t h e  u s e  of a  s o l i d - s t a t e  
d e v i c e  i s  p r e f e r r e d  whenever an  a p p r o p r i a t e  d e v i c e  h a s  been devel-  
oped and proven. The i n t e r e s t  f o r  u s i n g  s o l i d - s t a t e  c i r c u i t  pro- 
t e c t i o n  o r  power c o n t r o l  has  c r e a t e d  r e c e n t  a c t i v i t y  i n  a i r c r a f t  
and s p a c e c r a f t  a p p l i c a t i o n s .  
There  a r e  s e v e r a l  development p r o j e c t s  p r e s e n t l y  under way t o  de- 
s i g n  s o l i d - s t a t e  power c o n t r o l  sys tems and power s e n s i n g  systems 
w i t h  remotely  v a r i a b l e  s e n s i n g  and c o n t r o l .  Westinghouse and 
S p a c e c r a f t  have developed s o l i d - s t a t e  power c o n t r o l l e r s  f o r  evalua-  
t i o n ;  however, t h e y  a r e  n o t  producing t h e  d e v i c e s  a t  t h i s  t ime. 
The Leach C o r p o r a t i o n  h a s  developed a  remote power c o n t r o l l e r  cap-- 
a b l e  of hand l ing  1 ampere t o  35 amperes dc and a r e  i n  t h e  p r o c e s s  
of q u a l i f y i n g  i t  t o  MIL-P-81653. F l i g h t  Systems, I n c .  has  a  s o l i d -  
s t a t e  c i r c u i t  b r e a k e r  r a t e d  from 0 .5  t o  1 . 5  amperes and which 
weighs l e s s  t h a n  3 ounces .  
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An a p p l i c a t i u r ~  f o r  t h e  A-7 a i r c r a f t  t o  u s e  a  m u l t i p l e x  system, i n -  
c o r p o r a t i n g  s o l i d - s t a t e  c i r c u i t  b r e a k e r s ,  has  i n c r e a s e d  d a t a  ca- 
p a b i l i t y  and decreased  t h e  amount of c a b l i n g  p r e v i o u s l y  r e q u i r e d .  
There a r e  some a p p l i c a t i o n s  of s o l i d - s t a t e  c i r c u i t  b r e a k e r s  t h a t  
a r e  noteworthy.  They can  b e  programmed t o  t r i p  o r  o v e r r i d e  pre-  
determined l e v e l s ,  t h e y  can be  used a s  on-and-off s w i t c h e s ,  t h e y  
can be a u t o m a t i c a l l y  and remote ly  r e s e t ,  t h e i r  programmed f u n c t i o n  
can be changed approx imate ly  every  4 m i l l i s e c o n d s  i f  d e s i r e d ,  t h e y  
can i n c o r p o r a t e  magnet ic  s e n s o r s ,  and they  can p r o v i d e  s t a t u s  of 
load ;  i . e . ,  an  i n d i c a t i o n  i f  t h e  load  exceeds  a predetermined v a l u e ,  
o r  i f  t h e r e  i s  no c u r r e n t  f low.  The f l e x i b i l i t y  of s o l i d - s t a t e  
c i r c u i t  b r e a k e r s  i s  a  d e s i g n  convenience.  The replacement  of t h e  
e l e c t r o m e c h a n i c a l  c i r c u i t  b r e a k e r  w i t h  a  s o l i d - s t a t e  c i r c u i t  b r e a k e r  
o f f e r s  one e x c e p t i o n a l  advantage: t h e  e l i m i n a t i o n  of t h e  f a i l u r e  
modes a s s o c i a t e d  w i t h  t h e  mechanical  l i n k a g e  of t h e  a c t u a t i o n  
mechanism. One d i s a d v a n t a g e  is  t h e  r e l a t i v e l y  low upper tempera- 
t u r e  l i m i t .  A t y p i c a l  v a l u e  i s  70°C. 
An a l t e r n a t e  approach t o  mechanical  s w i t c h e s  is  t h e  p rox imi ty  ac- 
t u a t e d  s o l i d - s t a t e  s w i t c h .  However, f a c t o r s  of c o s t ,  we igh t ,  power 
and s i z e  d i c t a t e s  a g a i n s t  t h e i r  u s e ,  excep t  i n  s p e c i a l i z e d  a p p l i -  
c a t i o n s .  
e .  Hardware Li fe  - S o l i d - s t a t e  c i r c u i t  b r e a k e r s  have no l i f e  
l i m i t a t i o n .  Mechanical  s w i t c h e s  and c i r c u i t  b r e a k e r s  a r e  s u b j e c t  
t o  wear-out f a i l u r e  modes. The s t a t e - o f - t h e - a r t  c y c l e  l i f e  i s  
about  100,000 a c t u a t i o n s  f o r  s w i t c h e s  and 10,000 a c t u a t i o n s  f o r  
c i r c u i t  b r e a k e r s .  Devices  of lower c a p a b i l i t y  a r e  a c c e p t a b l e  when- 
e v e r  t h e  c y c l e  l i f e  c a p a b i l i t y  s i g n i f i c a n t l y  exceeds  t h e  m i s s i o n  
requirement  p l u s  t h e  ground f a b r i c a t i o n ,  t e s t ,  and checkout re- 
quirement .  
The s t o r a g e  l i f e  of s w i t c h e s  and c i r c u i t  b r e a k e r s  i s  mainly  in-  
f luenced  by t h e  long-term s t a b i l i t y  of t h e  non-meta l l i c  m a t e r i a l s  
and when t h e s e  a r e  e l i m i n a t e d ,  o r  on ly  v e r y  s t a b l e  m a t e r i a l s  a r e  
used,  t h e  s t o r a g e  l i f e  exceeds  1 0  y e a r s .  
f. Application - The f i r s t  c o n s i d e r a t i o n  i n  s e l e c t i n g  a  s w i t c h  
o r  c i r c u i t  b r e a k e r  i s  t h e  t y p e  and magnitude of l o a d  t h e  s w i t c h  i s  
t o  c o n t r o l ,  The nex t  c o n s i d e r a t i o n  i s  t h a t  t h e  p a r t  shou ld  be 
d e r a t e d  from t h e  maximum r a t e d  t empera tu re .  H e r m e t i c a l l y  s e a l e d  
s w i t c h e s  shou ld  be  u s e d ,  and hexmet ica l ly  s e a l e d  c i r c u i t  b r e a k e r s  
should  be used whenever a v a i l a b l e .  The fo l lowing  c u r r e n t  d e r a t i n g  
has  been s u c c e s s f u l  and i s  sugges ted :  
P e r c e n t  of M a n u f a c t u r e r ' s  R a t i n g  
R e s i s t i v e  7 5% 
I n d u c t i v e  4 0% 
Motor 2 0% 
Fi lament  10% 
Capac i to r  7 5% 
A c i r c u i t  a n a l y s i s  of t h e  l o a d s ,  t r a n s i e n t s  and o t h e r  i n p u t s  should  
be  performed and c a r e f u l l y  reviewed t o  v e r i f y  t h a t  t h e  l i m i t s  a r e  
n o t  exceeded. The packaging must b e  reviewed t o  show t h a t  prox- 
i m i t y  t o  t empera tu re ,  magnet ic ,  v i b r a t i o n ,  and shock s o u r c e s  w i l l  
n o t  a f f e c t  t h e  s w i t c h  o r  c i r c u i t  b r e a k e r ' s  o p e r a t i o n .  
The c k i t i c a l i t ; ?  of t h e  c i r c u i t  b r e a k e r  a p p l i c a t i o n  should be  re -  
viewed t o  de te rmine  i f  redundant  c i r c u i t  b r e a k e r s  can be  j u s t i f i e d .  
The shock and v i b r a t i o n  requ i rements  shou ld  r e c e i v e  c l o s e  a t t e n t i o n  
because  b o t h  s w i t c h e s  and c i r c u i t  b r e a k e r s  a r e  s u b j e c t  t o  c o n t a c t  
c h a t t e r .  
The fo l lowing  f a c t o r s  must be cons idered  when s e l e c t i n g  a  swi tch :  
The v o l t a g e  and c u r r e n t  t o  b e  i n t e r r u p t e d  ( a c ,  d c ,  h i g h  f r e q u e n c y ) ,  
i n r u s h  c u r r e n t ,  c o n t a c t  c u r r e n t  r a t i n g ,  v o l t a g e  drop a c r o s s  t h e  
c o n t a c t s ,  t empera tu re  r i s e  w i t h i n  t h e  s w i t c h ,  t h e  h e a t  d i s s i p a t i o n ,  
p h y s i c a l  s i z e ,  t y p e  of l o a d ;  i . e . ,  r e s i s t i v e  i n d u c t i v e ,  lamp, 
c a p a c i t i v e  o r  motor ,  t h e  c o n t a c t  ar rangement ,  make-before-break, 
break-before-make, e t c .  I f  redundant  c i r c u i t r y  i s  used,  t h e  e f f e c t  
of make-before-break of t h e  redundant  c o n t a c t s  must be reviewed 
c a r e f u l l y .  For  example, when u s i n g  a  m u l t i p o l e  s w i t c h ,  i t  i s  
assumed t h a t  a l l  c o n t a c t s  move (open /c lose )  t o g e t h e r ,  o r  t h a t  some 
w i l l  open and c l o s e  b e f o r e  o t h e r s .  The c l o s i n g  of a  s e t  of con- 
t a c t s ,  connected i n  p a r a l l e l  w i t h  a n o t h e r  s e t  of c o n t a c t s ,  could  
c a u s e  a s h o r t e d  c o n d i t i o n  o r  make-before-break o p e r a t i o n  where 
break-be£ ore-make i s  needed. 
The s w i t c h  a c t u a t i o n  mechanism must be  determined.  The a p p l i c a t i o n  
of t h e  s w i t c h  w i l l  r e q u i r e  a  t o g g l e  l e v e r ,  push b u t t o n ,  r o t a r y ,  
r o c k e r  b u t t o n  o r  Lever,  o r  l e a f  a c t u a t i o n .  The swi tch  w i l l  b e  
mechan ica l ly  o p e r a t e d  by a  r o t a t i n g  cam, a s l i d i n g  wedge o r  o t h e r  
a c t u a t i n g  mechanisms, o r  be  manually o p e r a t e d  w i t h  a  l e v e r ,  knob 
o r  push b u t t o n ,  
C i r c u i t  b z e a k e r s  shou ld  b e  e l e c t r i c a l l y  l o c a t e d  a s  c l o s e  a s  p o s s i b l e  
t o  t h e  p r o t e c t e d  c i r c u i t  t o  o f f s e t  t h e  i n f l u e n c e  of o t h e r  components. 
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Table 4 Switch T e s t  and Inspection Requirements 
Electrical Parameters 
Operational Parameters 
Dielectric With 
standing Voltage 
Insulation Resistance 
Operational Run-in 
(Monitor Voltage 
Drop) 
Vibration 
Contamination 
Detection 
\ 
Electrical 'Fprame ters 
, 
Seal Leakqge . , 
External Visual - - -  
8;-Ray 
Quality Conf ormanse Qualification 
- 
Group A 
Sample per 
MXL-S-8805 
Group B 
Sample per 
MIL-S-8805 
Qualification 
Inspection per 
PEL-S-8805 
Table 6 
TabZe 5 Circuit  Breaker Test and Inspection Requirements ----- 
Quality Conformance Qualification 
on Each Lot 
Electricel Parameter 
Operational Parameters 
Group A 
Sample per Qualification 
M X L - C - ~ ~ O ~ ~  Inspection per 
Dielectric With- MIL-C-39019 
standing Voltage 
Insulat ion Resistance 
.Calibration 
Vibration 
Contamicat Con 
Detection 
Electrical Parameters 
Seal' Leakage 
Group B 
Sample per 
MIL-C-39019 
External Visual 
X-Ray 
2 .  L i f e  T e s t s  
The c y c l e  l i f e  of s w i t c h e s  and c i r c u i t  b r e a k e r s  should  be  v e r i f i e d  
by l i f e  c y c l e  tests ,  b u t  t a k i n g  c a r e  t h a t  t h e  a c t u a t i o n  r a t e  i s  
n o t  h i g h  enough t from e x c e s s i v e  i n  
n a l l y  g e n e r a t e d  h  
The margin between t h e  l i f e  t e s t  demons t ra t ion  and t h e  miss ion  re -  
quirement  v a r i e s  wide ly  between u s e r s ,  v a r y i n g  from a  f a c t o r  of 
two t o  a  f a c t o r  of 10 .  For  maximum r e l i a b i l i t y ,  t h e  c o n s e r v a t i v e  
margin i s  recommended, p r i m a r i l y  because  t h e  t e s t  sample s i z e  i s  
s t a t i s t i c a l l y  s m a l l ,  and t h e  v a r i a t i o n  of demonstra ted l i f e  from 
one s w i t c h  t o  
Acce le ra ted  T e s t i n g  
A c c e l e r a t e d  tests i n  t h e  form of power burn- in ,  h i g h  speed l i f e  
o r  e x c e s s i v e  power p u l s i n g  a r e  n o t  normal ly  a  p a r t  of s w i t c h  and 
c i r c u i t  b r e a k e r  t e s t i n g .  There  have been t e s t s  where swi tches  o r  
c i r c u i t  b r e a k e r s  weee exposed t o  t h e i r  maximum r a t e d  power, tem- 
p e r a t u k e  and c y c l e  r a t e ,  a l l  a t  t h e  same t ime .  T h i s  maximum s t r e s s  
t e s t i n g  i s  used t o  f i n d  weak o r  f a i l u r e  prone p a r t s  and i s  re -  
commended f o r  u s e  i n  development programs, and f o r  d e v i c e s  t h a t  
have been developed,  b u t  have n o t  had p r i o r  s u c c e s s f u l  program 
usage.  
Another a p p l i c a t i o n  of an  a c c e l e r a t e d  t e s t ,  which should be con- 
s i d e r e d  f o r  s e l e c t i v e  a p p l i c a t i o n  t o  s w i t c h e s ,  i s  t h e  exposure 
of t h e  non-+opera t ing  d e v i c e  t o  h i g h  t empera tu re  fol lowed by opera- 
t i o n  under a  l i g h t  load  a t  ambient t empera tu re  t o  v e r i f y  t h a t  any 
o u t g a s s i n g  of i n o r g a n i c  m a t e r i a l s  is i n s u f f i c i e n t  t o  condensed 
a s  a  con tamina t ion  f i l m  on t h e  c o n t a c t s .  
E. PROCESS CONTROL REQUIREMENTS 
P r o c e s s  c o n t r o l s  and hand l ing  a r e  cons idered  c r i t i c a l .  Improper 
c o n t r o l  of any element of a  p a r t  asseinbly, h a n d l i n g ,  c l e a n i n g  and 
s e a l i n g  can have d e t r i m e n t a l  e f f e c t s  on t h e  l i f e  and r e l i a b i l i t y  
of t h e  p a r t .  T a b l e  6 l i s t s  c r i t i c a l  p r o c e s s e s  and t h e  e f f e c t s  of 
inadequa te  c o n t r o l s .  For s w i t c h e s ,  based on r e c e n t  Aerospace ex- 
p e r i e n c e s ,  a  v e r y  c r i t i c a l  problem i s  p a r t i c l e  contaminat ion and 
t h e  need f o r  u l t r a  c l e a n  c o n d i t i o n s  cannot  be  over-emphasized. I t  
should be emphasized t h a t  x-ray i n s p e c t i o n  does  n o t  d e t e c t  non- 
m e t a l l i c  p a r t i c l e s ,  and t h e  PIND t e s t  does no t  d e t e c t  ve ry  smal l  
Critical Processes 
Fabrication of 
Detail Parts 
Weld Schedule 
Cleaning 
Hand1 ing 
Assembly 
Seal ing 
Table 6 Critical P r o ~ s e s  - 
Out-of-tolerance parts, damaged parts, im- 
proper heat-treat, improper materials. 
Loss of seal, loose parts, shorts, open, 
parameter deviation, poor wire bonding. 
Contamination, out-of-tolerance, 
operational Fnterference. 
Loose parts, seal loss, contamination, 
parameter deviation, shorts, opens. 
Our-of-tolerance, contamination, operational 
interference, parameter deviation, seal loss. 
Contamination, corrosion, shortened life due 
to varying atmosphere, inadequate protection, 
seal loss. 
p a r t i c l e s ,  and t h e r e f o r e  t h e  pr imary c o n t r o l  of con tamina t ion  
must be  t h e  e x c l u s i o n  of con tamina t ion  by c l e a n  rooms and c l e a n  
benches .  C l a s s  100 c o n d i t i o n s  a r e  d e s i r a b l e .  
On t h o s e  p a r t  t y p e s  r e q u i r e d  f o r  l o n g - l i f e  a p p l i c a t i o n ,  t h e  pro- 
d u c t i o n  b u i l d  sequence and s e a l i n g  methods need t o  be  reviewed t o  
v e r i f y  t h a t  maximum c o n t r o l  i s  used t o  p r o v i d e  minimum contamina- 
t i o n  and maximum p r o c e s s  and s c h e d u l e  c o n t r o l .  
F.  PARTS LIST 
Accep tab le  
T a b l e  7 i s  a  p a r t i a l  l i s t  of p a r t s  which have demonstra ted r e l i a -  
b i l i t y .  These p a r t s  have been q u a l i f i e d  and used i n  sys tems r e -  
q u i r i n g  h igh  r e l i a b i l i t y  f o r  long d u r a t i o n s .  
2.  Unacceptable  
For  l o n g - l i f e  a p p l i c a t i o n s ,  s w i t c h e s  t h a t  a r e  n o t  h e r m e t i c a l l y  
s e a l e d  a r e  unaccep tab le .  A c i r c u i t  b r e a k e r  which i s  n o t  hermet- 
i c a l l y  s e a l e d  shou ld  b e  deemed unaccep tab le  i f  a h e r m e t i c a l l y  
s e a l e d  e q u i v a l e n t  is  a v a i l a b l e .  P a r t s  w i t h  s o f t  o r  c o r r o d a b l e  
c o n t r a c t s  such a s  copper  a r e  u n d e s i r a b l e .  P a r t s  c o n t a i n i n g  p l a t e d  
i n t e r n a l  p e r t s ,  o r  non-meta l l i c  m a t e r i a l s  which may o u t g a s  a r e  
u n d e s i r a b l e .  C i r c u i t  b r e a k e r s  w i t h  complex a c t u a t i o n  mechanisms 
of unproven r e l i a b i l i t y  a r e  unaccep tab le .  C i r c u i t  b r e a k e r s  t h a t  
r e q u i r e  s o l d e r  o r  metal m e l t i n g  t o  o p e r a t e  a r e  unaccep tab le .  De- 
v i c e s  produced by a s u p p l i e r  w i t h  a n  u n c o r r e c t e d  o r  u n c o n t r o l l a b l e  
h i s t o r y  of con tamina t ion  f a i l u r e s  a r e  u n a c c e p t a b l e .  A mechanical  
c i r c u i t  b reaker  i s  u n a c c e p t a b l e  when a  s o l i d - s t a t e  e q u i v a l e n t  i s  
a v a i l a b l e  which s a t i s f i e s  t h e  a p p l i c a t i o n .  
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I X .  ELECTRONIC PACKAGING 
_p__p-_-_____-___C_-------------------------------h-------------- 
A. INTRODUCTION 
T h i s  s t u d y  a d d r e s s e s  m u l t i l a y e r  p r i n t e d  c i r c u i t  (PC)Saardss p r i n t e d  
c i r c u i t  b o a r d - e l e c t r o n i c  p a r t  a s s e m b l i e s ,  conformal c o a t i n g ,  and 
e n c a p s u l a t e d  modules. The b a s i c  l i f e  t e r m i n a t i n g  f a c t o r  i s  temp- 
e r a t u r e  c y c l i n g .  I n  m u l t i l a y e r  P .  C.  boards ,  t empera tu re  c y c l i n g  
produces  f a i l u r e s  of t h e  p la ted- th rough-ho les .  I n  P .  C.  board 
a s s e m b l i e s ,  i t  produces  cracked s o l d e r  j o i n t s ;  and i n  e n c a p s u l a t e d  
a s s e m b l i e s ,  i t  causes  f a i l u r e s  of b o t h  p a r t s  and e l e c t r i c a l  con- 
n e c t i o n s .  I t  i s  n o t  t h e  o b j e c t i v e  of t h i s  r e p o r t  t o  encompass 
t h e  t o t a l  s u b j e c t  of e l e c t r o n i c  packaging,  b u t  t o  h i g h l i g h t  t h e  
most impor tan t  f a c t o r s  and g u i d e l i n e s  f o r  p r e v e n t i n g  t h e s e  temp- 
e ra tu re - induced ,  l i f e - l i m i t i n g  problems, and t o  p l a c e  g r e a t  em- 
p h a s i s  on t h e  importance of t h i s  s u b j e c t  t o  l o n g - l i f e  a s s u r a n c e .  
T h i s  s u b j e c t  i s  a l s o  impor tan t  as a n  economic c o n s i d e r a t i o n ,  s i n c e  
t h e  s o l u t i o n  t o  one,  s i n g l e ,  s o l d e r  j o i n t  problem r e q u i r e d  an  
e x p e n d i t u r e  e s t i m a t e d  a t  $7,000,000. 
It i s  a n t i c i p a t e d  t h a t  problems w i l l  c o n t i n u e  t o  occur  i n  t h e  f u -  
t u r e  u n t i l  t h e  fundamental  e l e c t r o n i c  packaging hazards  and so lu -  
t i o n s  a r e  w e l l  unders tood ,  n o t  j u s t  by t h e  a s s i g n e d  packaging 
e n g i n e e r ,  b u t  by program managers and a l l  t h e  p e r s o n n e l  d i r e c t l y  
invo lved  i n  t h e  d e s i g n  and t e s t i n g  o f  e l e c t r o n i c  hardware.  Th is  
r e p o r t  was w r i t t e n  w i t h  t h i s  educa t ion-or ien ted  o b j e c t i v e  i n  mind. 
B a GUIDELINES FOR LONG-LIFE ASSURANCE 
1. G u i d e l i n e s  f o r  M u l t i l a y e r  P r i n t e d  C i r c u i t  Boards 
Achievement of l o n g - l i f e  m u l t i l a y e r  p r i n t e d  c i r c u i t  boards  mainly  
depends on a c h i e v i n g  p la ted- th rough  h o l e s  which a r e  c a p a b l e  of 
w i t h s t a n d i n g  t empera tu re  changes w i t h o u t  c r a c k i n g  and e l e c t r i c a l  
f a i l u r e .  Heavy d e p o s i t s  of d u c t i l e  copper  a r e  n e c e s s a r y ,  and v e r i -  
f i c a t i o n  by t empera tu re  c y c l i n g  coupons from p r o d u c t i o n  boards  i s  
mandatory. 
a. Design Guidelines 
1)  The t h i c k n e s s  o f  t h e  through-hole shou ld  b e  n o t  less t h a n  
0.0015 i n c h  f o r  good r e s i s t a n c e  t o  the rmal  induced c rack ing .  
2) Heavy l a y e r  copper  (2 ounce) i s  p r e f e r a b l e  t o  1 / 2  and 1 ounce 
c i r c u i t s ,  and t h e  t h i c k n e s s  of t h e  l a y e r  copper  and PTH copper 
shou ld  b e  approximately  matched f o r  good r e s i s t a n c e  t o  the rmal  
induced c rack ing .  
3) Thinner  boards ,  i n  which t h e  v o l u m e t r i c  p r o p o r t i o n  o f  g l a s s  
epoxy t o  copper  i s  minimized,  are p r e f e r a b l e .  
4 )  The s t a n d a r d  l a n d ,  p la ted- th rough  c o n n e c t i o n  is s u p e r i o r  t o  
b o t h  f u n c t i o n a l  l a n d  and l a n d l e s s  d e s i g n s ,  from t h e  s t and-  
p o i n t  o f  thermal  induced c r a c k i n g .  
5) For  s e v e r e  the rmal  a p p l i c a t i o n s ,  r e s i n - g l a s s  sys tems of  low 
thermal  expansion shou ld  b e  developed and used t o  minimize 
the rmal  induced c r a c k i n g .  
b. Process Contro Z Guide l ines  
1 )  The two p r o c e s s e s  c r i t i c a l  t o  t h e  l i f e  of m u l t i l a y e r  p r i n t e d  
c i r c u i t  boards  a r e  t h e  h o l e  d r i l l i n g  p r o c e s s  and t h e  e l e c t r o -  
p l a t i n g  p r o c e s s ,  b o t h  of which r e q u i r e  v e r y  c l o s e  c o n t r o l  t o  
i n s u r e  c l e a n  h o l e s  and d u c t i l e  copper .  
2 )  B r i g h t e n e r s  shou ld  n o t  be  used i n  t h e  e l e c t r o p l a t i n g  b a t h  
s i n c e  t h e y  may cause  b r i t t l e  copper .  
3 )  The e l e c t r o p l a t i n g  b a t h  shou ld  be  v e r y  c l o s e l y  c o n t r o l l e d  t o  
avo id  b o t h  b r i t t l e  copper and hard  copper.  
4) Rockwell B hardness of 50 o r  l e s s  i s  recommended t o  a s s u r e  
t h e  d u c t i l i t y  necessary f o r  l ong- l i f e .  
c. Test Guidelines 
1) A t e s t  coupon from each product ion  board conta in ing  80 t o  
100 plated-through h o l e s ,  connected i n  s e r i e s ,  should be  
temperature cycled between -65' and llO°C, and increased  
e l e c t r i c a l  r e s i s t a n c e  should be cause f o r  r e j e c t i o n  of t h e  
product ion  boards.  
2) For programs wi th  a nominally mild temperature environment 
50 temperature cyc l e s  a r e  recommended. For more seve re  
a p p l i c a t i o n s ,  200 temperature cyc l e s  a r e  recommended. 
3) Acceptance t e s t s  should a l s o  inc lude  temperature shock t e s t s  
s imula t ing  t h e  wave, o r  t h e  hand so lde r ing  ope ra t ions ,  s i n c e  
thermal induced warping of t h e  boards tends t o  cause c racks  
between t h e  inne r  copper p lanes  and t h e  plated-through ho le .  
d. Application Guidelines - Mul t i l aye r  p r i n t e d  c i r c u i t  boards 
should not  be used i n  a very s e v e r e  temperature cyc l ing  environ- 
ment. An example i s  exposed hardware (not  temperature con t ro l l ed )  
on a s p a c e c r a f t  i n  a 150 n a u t i c a l  m i l e  o r b i t  where a temperature 
cyc l e  i s  experienced every 1% hours.  However, from the  wider 
viewpoint of o v e r a l l  e l e c t r o n i c  equipment r e l i a b i l i t y ,  e l e c t r o n i c  
equipment should be  p ro t ec t ed  from a seve re ly  f l u c t u a t i n g  tempera- 
t u r e  environment by t h e  use  of a pas s ive  o r  a c t i v e  environmental 
c o n t r o l  system. 
Guidel ines  f o r  P r in t ed  C i r c u i t  Boards Assemblies 
I n  a p r i n t e d  c i r c u i t  board assembly, t h e  p r i n c i p a l  f a i l u r e  mode 
(excluding p a r t  f a i l u r e s )  is  cracked s o l d e r  j o i n t s  from tempera- 
t u r e  f l u c t u a t i o n s  which cause f a t i g u e  f a i l u r e s  i n  so lde r  j o i n t s  
no t  provided wi th  adequate  s t r e s s  r e l i e f  i n  t h e  packaging design.  
(Fa i lu re s  of e l e c t r o n i c  p a r t s  a r e  t r e a t e d  i n  t h e  o the r  s e c t i o n s  
of t h i s  volume.) The s o l u t i o n  t o  t h e  problem i s  t o  design an  
adequate s t r e s s  r e l i e f .  Other f a c t o r s ,  such a s  so lde r  appl ica-  
t i o n  technique,  amount of s o l d e r ,  type  of so lde r  a l l o y ,  e t c . ,  
i n f luence  so lde r  j o i n t  c racking ,  b u t  a r e  secondary t o  t he  f a c t o r  
of s t r e s s  r e l i e f .  
a. Desfgn Guidelines 
The p a r t s  mounting t e c h n i q u e s  should b e  c o n t r o l l e d  by s p e c i f i -  
c a t i o n .  The s p e c i f i c a t i o n  "Standard P a r t s  Mounting Design 
~ e q u i r e m e n t s "  MSFC-STD-136, i s  recommended. 
Pla ted- through h o l e s  p rov ide  a  much s t r o n g e r  s o l d e r  j o i n t  t h a n  
b a r e  h o l e s .  Bare h o l e s  should n o t  be  used.  
The pad s i z e ,  h o l e  d i a m e t e r ,  and a l l  o t h e r  geomet r ic  f a c t o r s  
i n f l u e n c i n g  t h e  s h e a r  s t r e n g t h  of a  g i v e n  s o l d e r  j o i n t  should  
be k e p t  t o  t h e  c o n s e r v a t i v e  s i d e  of MSFC-STD-136 t o  i n s u r e  t h e  
s t r o n g e s t  p r a c t i c a b l e  s o l d e r  j o i n t s .  
Process Contro l Guide l ines  
NHB 5300.4 ( fo rmer ly  NASA 200.4) i s  o r i e n t e d  towards t h e  pro- 
c e s s  of producing h igh  q u a l i t y  s o l d e r  j o i n t s .  Th i s  s p e c i f i -  
c a t i o n ,  however, does  n o t  p rov ide  d e t a i l e d  g u i d e l i n e s  on t h e  
s t r e s s  r e l i e f  of s o l d e r  j o i n t s  and,  t h e r e f o r e ,  i t  should be 
augmented by t h e  use  of MSFC-STD-136. 
The maximum amount of s o l d e r  a l lowed by NHB 5300.4 ( fo rmer ly  
NASA 200.4) should  be used,  s i n c e  t empera tu re  c y c l i n g  t e s t s  
have shown t h a t  t h e  amount of s o l d e r  s i g n i f i c a n t l y  i n f l u e n c e s  
s o l d e r  j o i n t  c r a c k i n g .  
The g o l d  embr i t t l ement  problem should  b e  avoided by removal 
of t h e  gold-on-gold p l a t e d  l e a d s  p r i o r  t o  t h e  f i n a l  s o l d e r i n g  
o p e r a t i o n .  
Test  Guidelines 
V e r i f i c a t i o n  of t h e  packaging d e s i g n  should be  accomplished 
on early p r o t o t y p e s ,  o r  on t e s t  samples r e p r e s e n t a t i v e  of t h e  
d e s i g n ,  by s u b j e c t i n g  t h e  hardware t o  t empera tu re  c y c l i n g  be- 
tween -55°C and 10O0C, and i n s p e c t i n g  f o r  cracked s o l d e r  
j o i n t s .  
The nominal v a l u e  of 200 c y c l e s  r e q u i r e d  by MSFC-STD-136 i s  
recommended. The a c t u a l  miss ion  environment should be  reviewed 
t o  de te rmine  i f  t h i s  v a l u e  should be a d j u s t e d ,  
d .  App Zication Guidelines 
P r i n t e d  c i r c u i t  board a s s e m b l i e s  a r e  n o t  s u i t a b l e  f o r  use  i n  v e r y  
h i g h  v i b r a t i o n  and shock environments .  For v i b r a t i o n  l e v e l s  of 
0 t o  5g r m s ,  no p a r t i c u l a r  e f f o r t  t o  reduce  v i b r a t i o n  f a t i g u e  
e f f e c t s  a r e  u s u a l l y  n e c e s s a r y .  From 5 t o  20g r m s ,  v i b r a t i o n  r e -  
s i s t a n c e  can  u s u a l l y  be ache ived  th rough  proper  u s e  of c lamping,  
dampening, and conformal c o a t i n g ,  Above 20g r m s ,  t h e  u s e  of 
e n c a p s u l a n t s  t o  p reven t  f a t i g u e  f a i l u r e s  from e x c e s s i v e  board 
f l e x u r e  w i l l  u s u a l l y  be  r e q u i r e d .  The above e s t i m a t e s  a r e  g r o s s ;  
and each p r i n t e d  c i r c u i t  board a p p l i c a t i o n  r e q u i r e s  a  c a r e f u l  r e -  
v iew f o r  c o m p a t i b i l i t y  w i t h  t h e  dynamic environment ,  and t o  e s t a b -  
l i s h  mounting and dampening p r o v i s i o n s .  
e. Special Considerations 
The requ i rement  t o  w i t h s t a n d  200 t e m p e r a t u r e  c y c l e s  may seem exces-  
s i v e ,  bu t  i t  should be emphasized t h a t  ea r th -based  equipment n o t  
s t o r e d  i n  a  t empera tu re  c o n t r o l l e d  environment could  a c q u i r e  1826 
c y c l e s ,  w i t h  about  a  15OC d a i l y  e x c u r s i o n ,  i n  a  p e r i o d  of f i v e  
y e a r s ,  and t h a t  some s p a c e c r a f t  equipment may exper ience  a  temper- 
a t u r e  c y c l e  e v e r y  1-112 hours .  The c o r r e l a t i o n  of a c c e l e r a t e d  
t e m p e r a t u r e  t e s t i n g  w i t h  f i e l d  s e r v i c e  c o n d i t i o n s  h a s  n o t  been 
c l e a r l y  d e f i n i t i z e d .  However, I B M ,  on one program, determined 
from a c t u a l  f a i l u r e  d a t a  t h a t  46 t empera tu re  c y c l e s  from -20°C 
t o  85OC was e q u i v a l e n t  t o  two y e a r s  of f i e l d  s e r v i c e  l i f e .  
3 .  G u i d e l i n e s  f o r  Conformal Coat ing 
Conformal c o a t i n g ,  n e c e s s a r y  f o r  environmental  p r o t e c t i o n  and 
mechanical  suppor t  on l o n g - l i f e  hardware ,  is a  major c a u s e  of b o t h  
p a r t  and i n t e r c o n n e c t i o n  f a i l u r e  when n o t  p r o p e r l y  s e l e c t e d  and 
a p p l i e d .  The problem i s  t h a t  heavy c o a k i n g s ,  heavy f i l l e t i n g ,  o r  
b r i d g i n g  under f l a t  bottom p a r t s  produce o r  aggrava te  s t r e s s  on 
p a r t s  and s o l d e r  j o i n t s  i n  a f l u c t u a t i n g  t empera tu re  environment,  
and cause  cracked s o l d e r  j o i n t s  and damaged p a r t s .  
a. Design Guidelines 
1 )  A f l e x i b l e  po lyure thane  c o a t i n g  l e s s  t h a n  4 m i l s  i n  t h i c k n e s s  
i s  recommended. 
2 )  F r a g i l e  p a r t s  such a s  g l a s s  d i o d e s  should be s l eeved  t o  pre- 
vent damage from thermal  expansion s t r e s s e s ,  
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3 )  Coat ings  of t h e  a b ~ v e  t h i c k n e s s  do n o t  p r o v i d e  u l t r a  h i g h  i n -  
s u l a t i o n  r e s i s t a n c e  because  100% coverage  cannot  b e  ach ieved .  
When u l t r a - h i g h  i n s u l a t i o n  r e s i s t a n c e  (lo1 O ohms, and above) 
i s  r e q u i r e d ,  a  d e p o s i t e d  c o a t i n g  s u c h  as P a r y l e n e  C i s  recom- 
mended. 
4 )  When b o t h  u l t r a - h i g h  i n s u l a t i o n  r e s i s t a n c e  and mechanical  sup- 
p o r t  i s  r e q u i r e d ,  a  d e p o s i t e d  c o a t i n g  such  a s  Pary lene  C f o l -  
lowed by a sprayed 1- t o  2-mil f l e x i b l e  po lyure thane  c o a t i n g  
i s  recommended. 
6. Process Contro Z Guide l i ne s  
1 )  The a p p l i c a t i o n  of conformal  c o a t i n g  shou ld  be  c l o s e l y  c o n t r o l -  
l e d  by t h e  packaging s p e c i f i c a t i o n  t o  p reven t  heavy c o a t i n g s ,  
heavy f i l l e t i n g ,  and b r i d g i n g  under f l a t - b o t t o m  p a r t s .  Ap- 
p l i c a t i o n  by s p r a y i n g  and removal o f  e x c e s s  f i l l e t i n g  by cen- 
t r i f u g i n g  ( s p i n n i n g )  i s  recommended. 
2 )  Br idg ing  of conformal  c o a t i n g  under f l a t - b o t t o m  p a r t s  u s u a l l y  
h a s  c a t a s t r o p h i c  consequences and must be  comple te ly  avoided.  
e. Tes t  Guidelines 
1 )  V e r i f i c a t i o n  of t h e  packaging d e s i g n ,  w i t h  t h e  conformal c o a t -  
i n g  a p p l i e d ,  shou ld  be accomplished by t h e  t empera tu re  c y c l i n g  
program d e s c r i b e d  f o r  p r i n t e d  c i r c u i t  board a s s e m b l i e s .  
2 )  Assure  t h a t  t h e  s p e c i f i c  po lyure thane  s e l e c t e d  h a s  been t e s t e d  
under h i g h  humidi ty  and t empera tu re  c o n d i t i o n s  t o  a s s u r e  chemi- 
c a l  r e v e r s i o n  w i l l  n o t  occur .  
d .  Application Guidelines 
1) Conformal c o a t i n g  should be used on ly  when s p e c i f i c a l l y  r e -  
q u i r e d  f o r  humidi ty  p r o t e c t i o n  and /or  mechanical  s u p p o r t .  
4. G u i d e l i n e s  f o r  Encapsula ted Modules 
Encapsu la t ion  ( p o t t i n g ) ,  employed w i t h  cordwood packaging,  and 
sometimes w i t h  p r i n t e d  c i r c u i t  board c o n s t r u c t i o n ,  i s  used f o r  
i n c r e a s e d  mechanical  s u p p o r t .  A l l  p o t t i n g  m a t e r i a l s ,  a s  a  r e s u l t  
o f  t empera tu re  changes ,  impose stresses on p a r t s , c o n n e c k i o n s ,  and 
m8ny m a t e r i a l s ,  S t r e s s e s  i n  t h e  thousands  o f  pounds p e r  s q u a r e  
inch a r e  produced, 1'0 p r e v e n t  f a i l u r e s  of p a r c s  and connecr ions ,  Lhe 
p o t t i n g  m a t e r i a l  must be c a r e f u l l y  s e l e c t e d  and then  t e s t e d  u s i n g  
t empera tu re  c y c l i n g  t o  v e r i f y  t h a t  damage t o  p a r t s  and c o n n e c t i o n s  
w i l l  n o t  o c c u r .  Encapsula ted modules g e n e r a l l y  do n o t  have t h e  
t empera tu re  c y c l e  c a p a b i l i t y  of wel l -des igned p r i n t e d  c i r c u i t  board 
a s s e m b l i e s .  
a.  Design Guide Zines 
1 )  S o l i d ,  r i g i d  m a t e r i a l s ,  such  a s  s o l i d  po lyure thane  o r  epoxy, 
should  n o t  b e  used a s  t h e y  impose e x c e s s i v e  s t r e s s  on t h e  
e n c a p s u l a t e d  p a r t s .  
2 )  Microbal loon f i l l e d  epoxy and low d e n s i t y  po lyure thane  foam 
a r e  u s u a l l y  s a t i s f a c t o r y  m a t e r i a l s .  
3 )  Very low d e n s i t y  m a t e r i a l s ,  such as po lyure thane  foam w i t h  a  
d e n s i t y  of 2 l b s / c u b i c  f o o t ,  may be  r e q u i r e d  f o r  i n c r e a s e d  
t empera tu re  c y c l i n g  c a p a b i l i t y .  
4) Low d e n s i t y  m a t e r i a l s  a r e  good h e a t  i n s u l a t o r s  and t h e  module 
d e s i g n  must a l l o w  t h e  conduc t ion  and d i s s i p a t i o n  of s e l f -  
genera ted  h e a t .  
5 )  P o t t i n g  stresses a r e  reduced by a  low r a t i o  of p o t t i n g  volume 
t o  hardware volume. 
6 )  I n  e n c a p s u l a t e d  modules, welded j o i n t s  a r e  p r e f e r r e d  t o  s o l d e r  
j o i n t s  s i n c e  t h e y  a r e  n o t  s u b j e c t  t o  t h e  problem of f a t i g u e  
c r a c k i n g .  
7 )  R e s i l i e n t  p r e - c o a t s  should  b e  employed t o  a c h i e v e  lower s t r e s s  
on p a r t s  and connec t ions .  A t h i n  pre-coat  (0.001 i n c h )  hy- 
d r a u l i c a l l y  d i s t r i b u t e s  t h e  s t r e s s  on a p a r t ,  whi le  a  t h i c k  
c o a t  (0.008 i n c h )  w i l l  r educe  t h e  s t r e s s .  
b. Process Guide Zines 
1 )  The c u r i n g  t empera tu re  should be  as low a s  p r a c t i c a b l e ,  s i n c e  
a  z e r o  stress c o n d i t i o n  i s  p r e s e n t  a t  t h e  c u r i n g  t e m p e r a t u r e ,  
and s t r e s s  p r o g r e s s i v e l y  i n c r e a s e s  as t h e  module c o o l s .  
2 )  Proper  a l lowance  must be  m,rde f o r  t h e  f a c t  t h a t  t h e  manufac- 
t u r e r ' s  recommended c u r i n g  p r o c e s s  w i l l  probably  n o t  r e s u l t  
i n  a  100% complete  c u r e  and subsequent  t empera tu re  c y c l i n g  
w i l l  c a u s e  f u r t h e r  hardening and a g g r a v a t e  t h e  s t r e s s  problem. 
To verify that the encapsulating material and process will not 
damage parts, electrical connections, or cause performance shifts 
of sensitive parts, it is mandatory that the design be subjected 
to temperature cycling as described in the section of this report 
on printed circuit board assemblies. A prime difficulty in such 
testing is the difficulty of removing the potting to inspect the 
electrical connections visually, This difficulty is largely al- 
leviated if the recommended, very low density, materials are used 
since these can usually be removed by mechanical, if not chemical, 
means. 
C. MULTILAYER PRINTED CIRCUIT BOARDS 
Introduction 
This study addresses the long-life aspects of the copper clad, 
epoxyglass, etched circuit board with plated-through holes (PTHS) 
for layer interconnections. 
The multilayer board (MLB) evolved from the single and double- 
sided boards with the development of the process to produce a 
plated-through-hole (PTH) to interconnect the copper planes. Be- 
cause of problems with the plated-through holes, a number of in- 
vestigations, including enhanced-defect-test-programs,havebeen 
accomplished since 1966, primarily by Rome Air Development Center 
and 1BI.I. This study summarizes this work and provides consolidated 
guidelines for Long-Life Multilayer Boards. 
2. Life Limiting Problems and Solutions 
a. ii'nermal Coefficients of Expansion - The Basic Failure Mechanism 
Since copper, glass, and epoxy are very stable materials, the 
Multilayer Board (MLB) has a potential life, at a constant tempera- 
ture, of much greater than ten years. However, in an environment 
of changing temperature, the life of a poorly designed and con- 
structed board may be terminated after a very few temperature 
changes, The underlying problem is the difference in the thermal 
coefficient of expansions between copper, epoxy, and glass, 
T h i s  incompat ib i l iLy  produces copper c r a c k i n g ,  u s u a l l y  w i t h i n  t h e  
PTH, w i t h  c e r t a i n  d e s i g n s ,  o r  w i t h  i n c o r r e c t  o r  ou t -o f -con t ro l  
p r o c e s s e s .  T h i s  c r a c k i n g  can produce e l e c t r i c a l  f a i l u r e s  a f t e r  
s e v e r a l  t empera tu re  c y c l e s ,  but  i f  d e s i g n s  and p rocesses  a r e  o p t i -  
mized, t h e  MLB can w i t h s t a n d  s e v e r a l  hundred s e v e r e  temperature  
c y c l e s  over  a  range  of -65OC t o  1 1 0 ' ~ .  
An i n v e s t i g a t i o n  by R.  N.  Wild of I B M  (Reference 1 ) ,  conducted on 
t h e  epoxy-glass l a m i n a t e ,  a l o n e ,  u s i n g  G-10 m a t e r i a l ,  found t h a t  
due t o  t h e  r e s t r a i n i n g  e f f e c t  of t h e  g l a s s  f a b r i c ,  t h e  expansion 
of t h e  epoxy-glass l a m i n a t e  i n  t h e  2 d i r e c t i o n  (pe rpend icu la r  t o  
t h e  MLB) i s  s i x  t o  t e n  t imes  g r e a t e r  t h a n  i n  t h e  X and Y d i r e c t i o n s .  
A marked i n c r e a s e  i n  t h e  c o e f f i c i e n t  of the rmal  expansion i n  t h e  
Z a x i s  a f t e r  abou t  60°C was a l s o  e s t a b l i s h e d ,  a s  shown i n  F i g u r e  I, 
The d i s c o n t i n u i t y  i n  t h e  c u r v e  i s  now a t t r i b u t e d  t o  t h e  measuring 
t echn ique .  L a t e r  d a t a  (Reference 2 )  showed con t inuous  curves  and 
confirmed t h e  h i g h  expansion i n  t h e  Z a x i s .  Th i s  phenomena ac-  
c o u n t s  f o r  t h e  b a s i c  cause  of PTH c r a c k i n g .  
b. KADC Industry Survey of MLB Failure Trends 
I n  1967, John E, McCormiclc of RADC r e p o r t e d  a  su rvey  of 26 o r g a n i -  
z a t i o n s ,  i n c l u d i n g  bo th  u s e r s  and m a n u f a c t u r e r s  (Reference 3 ) .  
This  survey was addressed  t o  f a i l u r e s  of assembled boards  a f t e r  
t h e  f i n a l  s c r e e n s  and i n s p e c t i o n s .  McCormiclc r e p o r t e d  t h a t  i n  
40-odd f a i l u r e s ,  over  20 were e l e c t r i c a l  opens ,  mos t ly  i n  t h e  
pla ted- through-holes ;  about  e i g h t  were s h o r t s ,  most ly  due t o  
s o l d e r  b r i d g i n g ;  f i v e  f a i l u r e s  were i n t e r n a l  s h o r t s  i n  t h e  board;  
and f i v e  f a i l u r e s  were d e f e c t i v e  s o l d e r  j o i n t s .  S ince  s o l d e r  
b r i d g i n g  i s  d e t e c t a b l e  by good v i s u a l  i n s p e c t i o n  and t h e  s o l d e r  
j o i n t  f a i l u r e s  were n o t  germane t o  t h e  MLB problem, t h i s  survey 
focused i n c r e a s e d  a t t e n t i o n  on t h e  p l a t e d  through-holes .  
c .  h'~zlzanced-Defect-Tes t Program Resu Zts 
I n  1970, McCormick and Donald W. Ca labrese  r e p o r t e d  (Reference 4 )  
t h e  r e s u l t s  of a  th ree -phase  RADC i n v e s t i g a t i o n .  I n  t h e  f i r s t  
phase ,  t h e  c a u s e s  of i n t e r n a l  opens were determined t o  be epoxy 
smear,  h o l e  b reakout  caused by d r i l l i n g ,  weak p l a t e d  through-holes 
and chemical  entrapment .  The c a u s e s  of i n t e r n a l  s h o r t s  were f o r e i g n  
p a r t i c l e  i n c l u s i o n s ,  p a r t i a l l y  e tched  copper ,  en t rapped  p rocess ing  
s o l u t i o n s ,  v o i d s  i n  t h e  i n s u l a t i o n ,  and l a y e r  m i s r e g i s t r a t i o n .  I n  
t h e  second phase ,  M D C  used t h e  above i n f o r m a t i o n  t o  p lan  and con- 
d u c t  an  enhanced-defect - tes t  program d u r i n g  which many boards  were 
f a b r i c a t e d  w i t h  v a r i o u s  " c o n t r o l l e d "  d e f e c t s  and then l i f e  t e s t e d  
us ing  d i f f e r e n t  environmental  exposures  i n c l u d i n g  temperature-  
humidi ty  t e s t s  and t empera tu re  c y c l i n g  t e s t s ,  The two most s i g n i -  
f i c a n t  r e s u l t s  of t h i s  t e s t  program a r e :  
0 ! I I I I I I I 1 I 1 1 
-60' -40' -20° 0' 20' 40' 60' 80' loo0 120° 140' 
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Figure 2 Coefficient of ThermaZ Expansions (G-10 Mat'Z) 
1 )  Pla ted- through-hole  (PTH) f a i l u r e s  a r e  a  much more s e r i o u s  
problem t h a n  t h e  o t h e r  problems, such as e n t r a p p e d  chemica l s ,  
v o i d s ,  and p a r t i c l e s  which may c a u s e  s h o r t s .  
2 )  Hole d r i l l i n g ,  c l e a n i n g ,  and p l a t i n g  p r o c e s s e s  a r e  extremely 
c r i t i c a l  and must be  c l o s e l y  c o n t r o l l e d  and moni tored.  
I n  t h e  t h i r d  phase ,  RADC tempera tu re  c y c l i n g  r e s u l t s  were compared 
w i t h  t e m p e r a t u r e  c y c l i n g  programs by t h e  I n s t i t u t e  of P r i n t e d  
C i r c u i t s  (Reference 5 )  and by RCA ( ~ e f e r e n c e  6 ) .  The t h r e e  t e s t s  
compared were: 
RADC - th ree -hour  c y c l e ,  -65OC t o  115OC. 
IPC - 50-minute c y c l e ,  u s i n g  the rmal  shock,  25-minute d w e l l s ,  
and p r o g r e s s i v e l y  i n c r e a s i n g  t h e  AT u n t i l  -65OC t o  150°C 
i s  reached .  
RCA - 30-minute c y c l e ,  u s i n g  the rmal  shock,  and 15-minute 
d w e l l s ,  
I n  s p i t e  of t h e  d i f f e r e n c e  i n  t h e s e  t e s t  c y c l e s ,  McCormick con- 
c luded t h a t  t h e r e  was good c o r r e l a t i o n  between t h e  r e s u l t s  of t h e  
t h r e e  programs, and recommended a  thermal  shock ( i n  a i r )  s c r e e n i n g  
t e s t  f o r  MLBs of 50 c y c l e s  u s i n g  -65OC and 125°C w i t h  a  15-minute 
dwel l  a t  each extreme,  T h i s  t e s t  can  b e  performed i n  25 h o u r s ,  
and p rov ides  d a t a  much f a s t e r  than t h e  150  h o u r s  r e q u i r e d  by t h e  
three-hour  c y c l e .  The t e s t  was proposed t o  be  conducted on a  
s p e c i a l  t e s t  coupon c o n t a i n i n g  80 t o  100 p la ted- th rough-ho les  i n  
s e r i e s .  During t e m p e r a t u r e  c y c l i n g ,  e l e c t r i c a l  r e s i s t a n c e  would 
be  moni tored.  I n c r e a s e d ,  out-of-spec,  r e s i s t a n c e  would c o n s t i t u t e  
a  f a i l u r e .  
An i n v e s t i g a t i o n  conducted by IBM, under c o n t r a c t  t o  RADC, s u p p l i e d  
most of t h e  d a t a  r e p o r t e d  i n  1970 by H. C .  Hurley i n  Reference 7 .  
Th i s  enhanced-defec t - t es t  program e s t a b l i s h e d  t h e  e f f e c t s  of poor 
l a m i n a t i o n ,  poor d r i l l i n g  c a u s i n g  epoxy smear i n  t h e  h o l e s ,  d u c t i l e  
v e r s u s  b r i t t l e  e l e c t r o - p l a t e d  copper ,  t h r e e  t h i c k n e s s e s  of l a y e r  
copper ,  two t h i c k n e s s e s  of t h e  p l a t e d  th rough-ho les ,  and l anded  
v e r s u s  l a n d l e s s  PTH/conductor i n t e r c o n n e c t i o n s .  M u l t i l a y e r  boards  
were f a b r i c a t e d  w i t h  t h e  above v a r i a b l e s  and s u b j e c t e d  t o  t h r e e  
d i f f e r e n t  t e m p e r a t u r e  c y c l i n g  t e s t s ;  a  "hot" c y c l i n g  t e s t ,  a  "cold" 
c y c l i n g  t e s t ,  and a  t e s t  i n v o l v i n g  both  ho t  and c o l d  extremes.  
T h e  r e s u l t s  from t h i s  l a t t e r  t e s t ,  employing a  three-hour  c y c l e  
from -65°C t o  l l Q ° C ,  a r e  summarized i n  F i g u r e  2 ,  The f a i l u r e  
mechanisms a r e  i l l u s t r a t e d  i n  F igure  3 ,  
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Thin versus th ick  hole plate.  Layer copper weight e f f e c t s .  
Figure 2 Temperature CycZing Data From Reference 7 
1. The f i r s t  i n d i c a t i o n  of damage i s  bowing of t h e  epoxy g l a s s  
between t h e  PTHs and d e f l e c t i o n  of t h e  s u r f a c e  and i n t e r n a l  
bands ( A ) .  
2 .  G r e a t e r  t h a n  98% of t h e  e l e c t r i c a l  opens resuLted  from 360' 
b a r r e l  f r a c t u r e s ,  u s u a l l y  l o c a t e d  i n  t h e  c e n t e r  h a l f  of t h e  
board n e a r  a  l and  connec t ion  ( B ) .  
3 .  I n t e r p l a n e  f r a c t u r e s  r e p r e s e n t e d  about 2 %  of t h e  f a i l u r e s  and 
occurred o n l y  on p l a n e s  n e a r  t h e  s u r f a c e  (C)  and w i t h i n  t h e  
i n t e r p l a n e ,  and n o t  a t  t h e  PTH i n t e r f a c e .  
4 .  L o s s  of adhes ion  between t h e  glass-epoxy w a l l  and t he  PTH was 
a l s o  noted ( D ) .  
Figure 3 Cross-section of MuZtiZayer Printed c i r c u i t  Board Showing 
Failure Mechanisrw as Determined by N. C, NurZey ii?eference 7)  
From t h i s  i n v e s t i g a t i o n ,  Hurbey concluded t h a t :  
1 )  B r i t t l e  h o l e  p l a t e  was t h e  most s e r i o u s  d e f e c t ,  c a u s i n g  50% 
c i r c u i t  f a i l u r e  by 20 c y c l e s ,  v e r s u s  300 f o r  t h e  c o n t r o l  pro- 
d u c t .  
2 )  Smear-dr i l led  c i r c u i t s ,  as compared t o  smear-f ree  c i r c u i t s ,  
ha lved  t h e  l i f e .  Board opens were about  t h r e e  t imes  as preva- 
l e n t  i n  s m e a r - d r i l l e d  c i r c u i t s  t h a n  smear-f ree  c i r c u i t s ,  and 
i n t e r p l a n e  opens about t w i c e  as p r e v a l e n t .  
3 )  MLB r e l i a b i l i t y  i s  maximized by u s i n g  t h i c k  h o l e  p l a t e  and 
t h i c k  l a y e r  copper and t h e  two t h i c k n e s s e s  shou ld  b e  matched. 
4 )  Landless  d e s i g n s  a r e  c o n s i d e r a b l y  i n f e r i o r  t o  landed d e s i g n s .  
Enhanced Defec t  T e s t i n g  by R .  N .  Wild (Reference 1 )  e s t a b l i s h e d  
t h e  s u p e r i o r i t y  of a  t h i c k ,  1 . 5  m i l ,  copper p l a t i n g  f o r  t h e  PTH 
and t h e  d e s i r a b i l i t y  of a  low c o e f f i c i e n t  of expansion i n  t h e  r e s i n -  
g l a s s  sys tems.  
Some r e s u l t s  of Wild 's  t e m p e r a t u r e  c y c l i n g  t e s t s  u s i n g  a four-hour 
c y c l e  and -62°C t o  115OC a r e  shown i n  F igure  4 .  Wild a l s o  found 
t h a t  lower ing  t h e  upper t empera tu re  on ly  20°C (from 115°C t o  95°C) 
markedly extended t h e  l i f e .  Th i s  can be exp la ined  i n  t e rms  of t h e  
s i g n i f i c a n t  r e d u c t i o n  of the rmal  expansion i n  t h e  Z a x i s  i n  t h i s  
t empera tu re .  
I n  1971, H. C .  Hurley r e p o r t e d  f u r t h e r  f i n d i n g s  (Reference 8 ) .  
T h i s  program, u s i n g  G-10 MLBs, e v a l u a t e d  t h e  e f f e c t s  of t h r e e  PTH 
d i a m e t e r s ,  two r e s i n  sys tems ,  and t h r e e  PTH connec t ion  geomet r ies .  
These v a r i a b l e  were e v a l u a t e d  i n  t h r e e  the rmal  environments ;  the rmal  
c y c l i n g ,  s o l d e r i n g ,  and hand s o l d e r i n g .  A three-hour  125OC and 
-65°C the rmal  c y c l e  was used.  The low expansion r e s i n  gave s u p e r i o r  
r e s u l t s ;  t h e  r e l i a b i l i t y  i n c r e a s e d  w i t h  i n c r e a s i n g  h o l e  d i a m e t e r ;  
and t h e  normally-used s t a n d a r d  l a n d  p l a t e d  h o l e  connec t ion  was su- 
p e r i o r  t o  b o t h  t h e  f u n c t i o n a l  l a n d  and t h e  l a n d l e s s  d e s i g n s .  
I n  t h e  wave s o l d e r i n g  t e s t s ,  examinat ion,  a f t e r  t e n  exposures ,  
showed p l a t e d  h o l e  d e g r a d a t i o n  t y p i f i e d  by a  s e p a r a t i o n  of t h e  cop- 
per  board from t h e  epoxy-glass w a l l ,  and a  permanent s t r e t c h i n g  of 
t h e  b a r r e l .  Boards manufactured from r e s i n  sys tem No. 2 ,  w h i l e  
s u p e r i o r  i n  t h e  thermal  c y c l i n g  t e s t s ,  showed a  h i g h e r  i n c i d e n c e  
of b a r r e l - t o - w a l l  s e p a r a t i o n  and more warpage (would n o t  l a y  f l a t ) .  
The s t a n d a r d  l a n d P T H 1 s w e r e  s i g n i f i c a n t l y  s u p e r i o r  t o  t h e  o t h e r  
c o n f i g u r a t i o n s  because of t h e i r  anchor ing  e f f e c t .  Through-hole 
sr = System # I  
0 
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Figure 4 Through-Hole Plating Cracks v s  Thema2 Cycling 
(360" Cracks) (Reference 1 )  
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diamete r  d i d  n o t  have a  measurab le  e f f e c t ,  No e l e c t r i c a l  f a i l u r e s  
were d e t e c t e d  i n  t h e  boards  a f t e r  20 exposures  t o  t h e  wave s o l d e r  
environment.  It should be  emphasized t h a t  a n  " a c c e l e r a t e d " ,  wave 
s o l d e r i n g ,  test  was performed i n  which t h e  c o n t a c t  t ime was i n -  
c r e a s e d  from a  normal two seconds t o  n i n e  seconds .  
I n  t h e  hand s o l d e r i n g  tests, b a r r e l  s t r e t c h  and epoxy-glass sep- 
a r a t i o n  from t h e  b a r r e l  were more s e v e r e  t h a n  i n  t h e  wave s o l d e r  
tests. The t e s t  c o n s i s t e d  o f  s o l d e r i n g  and u n s o l d e r i n g  a  w i r e  
s i x  t i m e s ,  a l l o w i n g  t h e  j o i n t  t o  c o o l  between each s t e p ,  A s  w i t h  
t h e  wave s o l d e r i n g  t e s t s ,  r e s i n  No. 1 and t h e  s t a n d a r d  l a n d s ,  
a g a i n  showed t h e  l e a s t  amount of b a r r e l - t o - w a l l  s e p a r a t i o n ,  b u t  
/ 
through-hole  d iamete r  i n f l u e n c e d  t h e  r e s u l t s  w i t h  t h e  0.022 i n c h  
h o l e  showing more d e g r a d a t i o n  t h a n  e i t h e r  t h e  0 .16 i n c h  o r  t h e  0 .31  
inch  d iamete r  h o l e s .  I n  a d d i t i o n ,  s e v e r e  bowing of t h e  s u r f a c e  
e y e l e t s  and i n t e r n a l  l a n d s  was no ted .  
3 .  Processes  and Assoc ia ted  F a i l u r e  Mechanisms 
This s e c t i o n  d e s c r i b e s  MLB f a b r i a c t i o n  p r o c e s s e s  and t h e  r e l a t e d  
f a i l u r e  mechanisms. P rocess  c o n t r o l  r equ i rements  a r e  summarized 
i n  Tab1.e 1. 
a. Artwork 
From t h e  c i r c u i t  schemat ic ,  a  d e s i g n e r  l a y s  o u t  t h e  r e q u i r e d  p a r t s  
a s  t e m p l a t e s  t o  l o c a t e  h o l e s  o r  mounting pads ,  u s u a l l y  a t  f o u r  
t imes  s i z e  (4X), and t h e n  b e g i n s  t h e  p a d l h o l e  and t r a c e  placement.  
He a l s o  l a y s  up g roundlvo l tage  p l a n e s  and c l e a r a n c e  h o l e s  o r  con- 
n e c t i o n  on i n n e r  l a y e r s ,  a s  w e l l  a s  i n n e r  c i r c u i t r y  l a y e r s  as re- 
qu i red .  The "tape-up", a s  i t  i s  c a l l e d ,  i s  t h e  m a s t e r  drawing and ,  
a s  such ,  sets t h e  t r a c e  wid th ,  conductor  s p a c i n g ,  pad s i z e ,  h o l e  
s i z e ,  board dimensions ,  t o o l i n g  h o l e  p o s i t i o n s  and a l l  o t h e r  s i z e s ,  
l o c a t i o n s  and dimensions .  From t h e  m a s t e r ,  a  c o n t a c t  "second 
o r i g i n a l ' '  i s  made. Which i s  used t o  make t h e  f i n a l  "working Tool" 
by pho toreduc t ion  t o  1:l s c a l e  (1X). Working w i t h  c a r e ,  on a  . l o o "  
x ,100" g r i d  a t  4X,  a h i g h l y  competent d e s i g n e r  can n e a r l y  match 
t h e  accuracy  of t h e  modern computer a r twork  g e n e r a t i o n  systems.  
He has  t h e  advantage of reduc ing  h i s  e r r o r s  by 4:L on photo- 
r e d u c t i o n ,  bu t  h e  h a s  s e v e r a l  d i s a d v a n t a g e s  working a g a i n s t  him. 
F i r s t ,  t h e  tendency of Mylar d r a f t i n g  f i l m  a t  30" x 40" t o  expand 
and c o n t r a c t  w i t h  t empera tu re  changes reduces  accuracy .  U s e  o f  
7 - m i l  i n s t e a d  of 4-mil Mylar improves dimensional  s t a b i l i t y  a s  
does c a r e  i n  h a n d l i n g ,  t r a n s p o r t i n g  and s t o r i n g  t h e  mas te r  and 
second o r i g i n a l .  Second, t h e  tape-up t a p e s  and shapes  have some 
t o l e r a n c e s  i n  t h e i r  manufacture  and t h i r d ,  t h e  pho toreduc t ion  s t e p  
depends on a  v e r y  a c c u r a t e  camera,  a c c u r a t e  measurement from mas- 
t e r  t o  f i l m ,  t empera tu re  c o n t r o l  and h i g h l y  s k i l l e d  pe rsonne l  t o  
keep a d d i t i o n a l  d imensional  e r r o r s  t o  a minimum, 
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Computer-generated a r t w o r k ,  on t h e  o t h e r  hand, has none of these 
t h r e e  problems. The p r o c e s s  s t a r t s  w i t h  t h e  l a y o u t  which t h e  de- 
s i g n e r  h a s  produced, o r  i n  some systems w i t h  t h e  e l e c t r i c a l  sche- 
mat ic .  I n  t h e  former i n s t a n c e ,  t h e  h o l e  o r  pad p o s i t i o n s  a r e  
d i g i t i z e d ,  a  w i r i n g  l i s t  i s  g e n e r a t e d  and t h e  computer, through a  
p l o t t e r ,  i n t e r c o n n e c t s  p a r t s  and r o u t e s  l i n e s  ( t r a c e s )  w i t h  minimum 
s p e c i f i e d  s p a c i n g ,  The ou tpu t  is  a g l a s s  1 ; l  m a s t e r ,  f r a g i l e ,  b u t  
d i m e n s i o n a l l y  s t a b l e .  From i t ,  t h e  1X working t o o l  i s  made on con- 
t a c t  p r i n t e d  on f i l m .  Computer g e n e r a t e d  a r twork  should be  used 
f o r  boards  of f o u r  l a y e r s  o r  more, t o  a c h i e v e  adequa te  l a y e r - t o -  
l a y e r  r e g i s t r a t i o n  accuracy .  Artwork t o l e r a n c e s  should b e  kep t  
t o  t h e  b e s t  a t t a i n a b l e  l e v e l .  Using t h e  l a t e s t  t a r g e t i n g  and 
r e g i s t r a t i o n  t e c h n i q u e s ,  and w i t h  one o f  t h e  methods of " s tack ing"  
t h e  f i n a l  1 X  a r twork  t o  check p o s i t i o n  and a l ignment ,  t h e  f i r s t  
s t e p  i n  t h e  p roduc t ion  of a  r e l i a b l e  n u l t i l a y e r  PCB h a s  been ac-  
complished.  
b. Clad Material Preparation 
The s h e a r i n g - t o - s i z e  of t h e  c l a d  m a t e r i a l  v e r y  seldom c o n t r i b u t e s  
t o  a n  MLB f a i l u r e .  
c. CZecning of Clad Material 
Inadequa te  c l e a n i n g  may r e s u l t  i n  non-adherence of t h e  p h o t o r e s i s t ,  
r e s u l t i n g  i n  t h e  e t c h i n g  away of  p a r t  of a  pad o r  t r a c e ,  u l t i m a t e l y  
showing up as a n  open c i r c u i t .  
d. Application of Photoresist (Inner Layers Only) 
Bubbles i n  t h e  l i q u i d  r e s i s t  may c a u s e  t h i n  s p o t s  and unwanted 
e t c h i n g  away from conduc tors .  With d ry- f i lm r e s i s t s ,  a n  improper ly  
c o n t r o l l e d  " laminat ing"  machine o r  t h e  wrong machine may cause  a i r  
pocke t s  under  t h e  r e s i s t  t o  g i v e  t h e  same r e s u l t  a s  non-adherence. 
e. Exposure of the Photoresist 
When t h e  a r t w o r k  i s  over layed and exposed,  underexposure of t h e  
p h o t o r e s i s t  w i l l  c a u s e  unwanted copper r e s u l t i n g  i n  s h o r t  c i r c u i t s .  
There are two basic kinds of photoresist. One polymerizes and 
becomes less soluble where it is exposed to light (through the 
clear part of the working artwork). When is is "developed", the 
unexposed portion washes away in solvent. The other becomes more 
soluble where it is struck by light and that exposed portion washes 
away in development. The former is most commonly used. If this 
resist is underexposed, or the "strings" of unwanted photoresist 
are not washed away, short circuits of unwanted copper will result 
after etching. 
g. Etching of Circuitry and Stripping of the Exposed Photoresist 
Overetching can cause open circuits. Shorts can be caused from 
poor rinsing resulting in corrosion from the entrapped etchant or 
contamination between conductors. Underetching can also cause 
shorts. If the above defects are not detected by visual inspec- 
tion, they will be "buried" inside the board by the next operation. 
h. Lamination 
Material prep and storage operations and the layup must be done 
under reasonably clean room conditions to prevent metallic parti- 
cles from falling onto the layup creating potential shorts, 
Once the layup is in the press, the laminating schedule depends 
on the parameters of the prepreg, gel time, flow and resin content. 
The schedule is usually set empirically by making "dummy" layups. 
Lamination may be done "cold press" or "hot press", but while the 
former gives more control, the Latter is the more common process. 
Too high a pressure can cause "swimming" or breaking of circuitry. 
The principle failure mechanisms caused by poor laminati~n are 
resin starvation (too thin glue line) or pregellation and air 
bubbles (too thick a glue line), Either may cause a short circuit 
failure mode if solutions are entrapped. Martin Marietta has de- 
termined that warping or flatness of the board can be improved 
by special lay-up techniques, which are now under investigation 
for the Viking program. 
i. Hole Drilling 
In drilling an inhomogeneous material, layers of copper, requiring 
one set of drill feeds and speeds, and layers of epoxy-impregna~ed 
fiberglass, requiring a different set, the process is a compromise 
and not optimum f o r  either, 
While f o r  marty y e a r s  a drill speed of 20,000 rpm was cons idered  
adequa te ,  t h e  c u r r e n t  p r a c t i c e  i s  80,000 t o  10Q,QQQ rpm. Too f a s t  
a  feed can  c a u s e  de format ion  of t h e  copper f o i l  and epoxy g l a s s  
t e a r - o u t ,  w h i l e  a  d u l l  d r i l l  n o t  on ly  a l s o  c a u s e s  t h e  above de- 
f e c t s ,  b u t  c a u s e s  "na i lhead ing"  of t h e  i n n e r  l a y e r s  and d r i l l  
wander as w e l l .  Too s low a speed w i l l  a l s o  c a u s e  n a i l h e a d i n g ,  
Rough, t o r n ,  o r  smeared h o l e  w a l l s  s i g n i f i c a n t l y  degrade  t h e  qual-  
i t y ,  u n i f o r m i t y ,  and bond of t h e  s u b s e q u e n t l y  p l a t e d  through-hole.  
j .  Debwring and Cleaning the  Holes 
Most m a n u f a c t u r e r s  u s e  a  C l a i r  sander  o r  e q u i v a l e n t  t o  debur  t h e  
d r i l l e d  h o l e s .  The d e b r i s  from sanding c a t c h e s  i n  t h e  rough h o l e s  
and,  w i t h o u t  a d e q u a t e  c l e a n i n g ,  p a r t i c l e s  w i l l  remain t o  cause  
problems i n  through-hole  p l a t i n g .  
k .  Removal of Epoxy Smear and Etchback 
I n  d r i l l i n g ,  epoxy i s  s o f t e n e d  and smeared a c r o s s  t h e  i n n e r  copper 
l a y e r s .  I f  n o t  removed, i t  w i l l  c a u s e  an  open c i r c u i t  a f t e r  p l a t -  
i n g s .  E i t h e r  s u l f u r i c  a c i d  o r , a  " l i q u i d  honing" p r o c e s s  w i l l  
remove epoxy smear.  
Etchback i s  a  c o n t r o v e r s i a l  s u b j e c t .  O r i g i n a l l y ,  i t  was c o n s i d e r e d  
e s s e n t i a l  t o  good PTH-internal  l a y e r  j o i n t s .  The e t c h a n t  was a  
m i x t u r e  of s u l f u r i c  and h y d r o f l u o r i c  a c i d s  t o  remove about  1 m i l  
of  both  epoxy and g l a s s .  
Moreover, i f  t h e  s u l f u r i c / h y d r o f l u o r i c  a c i d  m i x t u r e  p i c k s  up t o o  
much w a t e r ,  o r  t h e  h y d r o f l u o r i c  a c i d  c o n c e n t r a t i o n  g e t s  t o o  h i g h ,  
d e p o s i t s  of powdery, i n s o l u b l e  f l u o s i l i c a t e s  can form t o  c a u s e  
v o i d s  l a t e r  d u r i n g  t h e  p l a t i n g  p r o c e s s .  The consensus  p r o c e s s  i s  
t h e  u s e  of s u l f u r i c  a c i d  a l o n e ,  
2. Sens i t i za t ion  and Deposition of EZectroZess Copper 
This  p r o c e s s  i n v o l v e s  1 0  t o  1 5  t a n k s  i n  s e r i e s ,  depending on 
whether o r  n o t  a  common r i n s e  t ank  o r  s e p a r a t e  r i n s e  t a n k s  a r e  
used.  P r i o r  t o  p l a t i n g ,  t h e  boards  a r e  thoroughly  c l e a n e d ,  pre-  
f e r a b l y  w i t h  a mechanized sc rubber  and r i n s e r ,  s i n c e  pumice c l e a n -  
i n g  may l e a v e  p a r t i c l e s  i n  t h e  h o l e s  t o  become nodules  a f t e r  
p l a t i n g .  Unremoved pumice may a l s o  con tamina te  t h e  p l a t i n g  l i n e  
s o l u t i o n s .  A f t e r  a  n e a r - b o i l i n g  anod ic  c l e a n  comes a  b r i e f  e t c h  
i n  ammonium p e r s u l f a t e  (and a r i n s e  a t  t h e  end of each s t e p )  f o l -  
lowed by c a t a l y s t ,  s e n s i t i z e r ,  a c c e l e r a t o r  and in to  t h e  e l e c t r o -  
less copper  s o l u t i o n  i t s e l f .  Upon complet ion of the e l e c r r o l e s s  
d e p o s i t i o n ,  boards  a r e  k e p t  wet and e l e c t r o p l a t e d  a s  soon a s  
p o s s i b l e .  I f  t h e  boards  a r e  l e f t  t o  d r y  o r  s t a n d  t o o  l o n g  i n  
s u l f u r i c  a c i d ,  t h e  adhes ion  of e l e c t r o l y t i c  copper may be  poor ,  
c o n t r i b u t i n g  t o  t h e  s h o u l d e r  c r a c k i n g  of t h e  p l a t e d  through-holes .  
Common p l a t i n g  r a c k s  t h a t  can b e  used i n  b o t h  e l e c t r o l e s s  and 
e l e c t r o l y t i c  p l a t i n g  a r e  recommended. 
m.  Deposition of EZectroZytic Copper 
The boards  are immersed i n  t h e  e l e c t r o l y t i c  copper b a t h  and,  a f t e r  
a  few minu tes  a t  a  low c u r r e n t  d e n s i t y  (copper s t r i k e ) ,  t h e  oper-  
a t i n g  c u r r e n t  d e n s i t y  i s  t h e n  a d j u s t e d  f o r  t h e  a r e a  t o  be  p l a t e d  
and con t inued  f o r  t h e  t ime  s p e c i f i e d  i n  t h e  p l a t i n g  s c h e d u l e .  
The most d i f f i c u l t  p a r t  of e l e c t r o p l a t i n g  i s  t h e  chemical  c o n t r o l  
of t h e  b a t h  i t s e l f .  It should be  ana lyzed  f o r  PH, copper  c o n t e n t ,  
pyrophosphate c o n t e n t  and ammonia c o n t e n t  a t  l e a s t  once a  week 
depending on t h e  s t a b i l i t y  of t h e  b a t h  pa ramete rs  and t h e  volume 
of c i r c u i t  boards  be ing  p rocessed .  An a n a l y s i s  f o r  o r thophospha te  
should be performed a t  l e a s t  bi-weekly and t empera tu re  moni tored 
every  few h o u r s .  
The copper pyrophosphate b a t h  is  cons idered  h e r e  because  i t  i s  
today t h e  consensus  b a t h ;  it  h a s  good throwing power and i t  i s  
e a s i e r  t o  c o n t r o l  t h a n  o t h e r  b a t h s ,  e s p e c i a l l y  copper  f l u o b o r a t e .  
Throwing power i s  t h e  r a t i o  of t h i c k n e s s  of s u r f a c e  p l a t i n g  t o  
t h e  t h i c k n e s s  of p l a t i n g  i n  t h e  h o l e .  A lower v a l u e  i n  t h e  h o l e s  
a r i s e s  from t h e  lower c u r r e n t  d e n s i t y  i n s i d e  t h e  h o l e s  and i s  
p a r t l y  a  f u n c t i o n  of t h e  board t h i c k n e s s ,  t ,  v e r s u s  t h e  h o l e  d i a -  
mete r ,  d. The r a t i o  t / d  should always be  l e s s  t h a n  f i v e  t o  one 
and p r e f e r a b l y  t h r e e  t o  one o r  l e s s .  
I f  minute  m e t a l  p a r t i c l e s  from sand ing  a r e  n o t  comple te ly  removed 
by a i r  blow-out, o r  subsequent  r i n s i n g ,  nodu les  w i l l  r e s u l t  upon 
e l e c t r o p l a t i n g  and may reduce h o l e  s i z e  below minimum t o l e r a n c e  
o r  c a u s e  weak s p o t s  i n  t h e  h o l e  w a l l s .  Rough d r i l l i n g  w i l l  be  
a c c e n t u a t e d  by e l e c t r o p l a t i n g  and l a r g e  nodules  may be formed. 
Organics ,  i n c l u d i n g  t h e  breakdown p r o d u c t s  of b r i g h t e n e r s ,  i f  
used ,  c a u s e  p i t t i n g  and worse,  b r i t t l e  copper .  P e r i o d i c  t e s t s  
w i t h  a  Hul l  c e l l  w i l l  i n d i c a t e  t h e  l e v e l  of o r g a n i c  contamina- 
t i o n ,  which can be removed by t r e a t i n g  w i t h  f i n e l y  d i v i d e d  ca rbon .  
Continuous f i l t r a t i o n  through a  one-micron f i l t e r  t~ remove f i n e  
p a r t i c l e s ,  i s  mandatory.  
n. Application of Photoresist to thz Outzr Surfaces, Exposure 
and Deve Zoprnent 
The p r e v i o u s  d i s c u s s i o n  Cd t h r u  g )  i s  a p p l i c a b l e ,  
o. Deposition of Tin-Lead 
Tin- lead i s  co-deposi ted from a  t i n  and l e a d  f l u b o r a t e  b a t h .  
C u r r e n t l y ,  i t  i s  a lmos t  always p a t t e r n  p l a t e d ;  t h a t  i s ,  d e p o s i t e d  
i n  t h e  h o l e s  and t h e  a r e a s  of copper t h a t  w i l l  be  t r a c e s ,  t h e  t i n -  
l e a d  l a t e r  a c t i n g  a s  a n  e t c h  r e s i s t .  The b a t h  i s  r e l a t i v e l y  easy  
t o  c o n t r o l .  Too much t i n - l e a d  on t h e  t r a c e s  and pads can  cause  
s h o r t s  a f t e r  r e f l o w .  
p. Stripping Exposed Photoresist and 
the  Etch-Resist 
The same k i n d s  of problems e x i s t  h e r e  as i n  S t e p  7 .  
q. RefZow of Tin-Lead 
The t i n - l e a d ,  a s  d e p o s i t e d ,  i s  n o t  s o l d e r ;  i t  must f i r s t  be r e -  
flowed above t h e  m e l t i n g  p o i n t  of s o l d e r  t o  c o n v e r t  it t o  e u t e c t i c  
t i n - l e a d  s o l d e r  (63-37). O r i g i n a l l y ,  peanu t ,  o r  o t h e r  o i l s  c a p a b l e  
of 400°F, were used f o r  r e f l o w ,  bu t  c u r r e n t l y  Carbowaxes, p o l y o i l s ,  
and o t h e r  non-o i l  m a t e r i a l s  a r e  f r e q u e n t l y  used.  Excess t i n - l e a d  
on t h e  c i r c u i t  t r a c e s  can c a u s e  b r i d g i n g  and s h o r t s  upon re f low.  
It i s  concluded t h a t  t h e  e l e c t r o p l a t e d  copper o f  h i g h  d u c t i l i t y  
i s  t h e  most impor tan t  s i n g l e  f a c t o r  f o r  l o n g  l i f e  m u l t i l a y e r  
p r i n t e d  c i r c u i t  boards .  Very c l o s e  c o n t r o l  of t h e  e l e c t r o p l a t i n g  
bo th  i s  n e c e s s a r y .  
Organics ,  i n c l u d i n g  t h e  breakdown produc t s  of b r i g h t e n e r s ,  i f  used,  
c a u s e  p i t t i n g  and worse,  b r i t t l e  copper .  P e r i o d i c  t e s t s  w i t h  a  
Hul l  C e l l  w i l l  show, s e m i q u a n t i t a t i v e l y ,  t h e  l e v e l  of o r g a n i c  con- 
t a m i n a t i o n ,  which may be removed by t r e a t i n g  w i t h  f i n e l y  d i v i d e d  
carbon.  
Continuous f i l t r a t i o n  through a  one-micron f i l t e r  t o  remove f i n e  
p a r t i c u l a t e s  i s  mandatory.  
The pyrophosphate  p l a t i n g  bath is r e p o r t e d l y  c a p a b l e  of as h i g h  
a s  9% d u c t i l i t y  (Reference  9), measured as e l o n g a t i o n  a t  b r e a k .  
Good p r o c e s s  c o n t r o l  should  p r o v i d e  a d e q u a t e  d u c t i l i t y  and p r e v e n t  
c r a c k i n g  of  p l a t e d  th rough  h o l e s ,  Fluhman and Saxer  (Reference 
1 0 )  have r e p o r t e d  t h a t  by u s i n g  v e r y  f i n e  (down t o  0 .6  micron)  
molecu la r  s i e v e  t y p e  f i l t r a t i o n  f o r  a l l  m a t e r i a l s  i n  making up t h e  
pyrophosphate  b a t h  p l u s  0.8 micron con t inuous  f i l t r a t i o n ,  t h e y  
cou ld  a c h i e v e  20% e l o n g a t i o n  p l a t e d  copper ,  However, no m a t t e r  
how d u c t i l e  t h e  copper p l a t e  i s  ( t o  t h e  maximum of t h e  above pro- 
c e s s  l i m i t a t i o n ) ,  a t  some f i n i t e  number of t e m p e r a t u r e  c y c l e s ,  
depending on t h e  t e m p e r a t u r e  e x c u r s i o n ,  c r a c k i n g  w i l l  s t a r t  t o  
occur  because  of m e t a l  f a t i g u e ,  
The f o r e g o i n g  d e s c r i p t i o n s  of p r o c e s s  and workmanship-dependent 
d e f e c t s  emphasizes  t h e  importance  of  P r o c e s s  C o n t r o l  t o  t h e  Long- 
L i f e  Assurance of MLBs. P r o c e s s  c o n t r o l  comprises  a s e t  of  p r o c e s s  
s p e c i f i c a t i o n s  o r  documents which d e t a i l  t h e  p r o c e s s  o p e r a t i o n s  
and c o n t r o l s  (bo th  i n - l i n e  and q u a l i t y  c o n t r o l )  and a  r i g o r o u s ,  
v i g i l a n t ,  c o n t i n u i n g  q u a l i t y  a u d i t  and moni to r ing  t o  a s c e r t a i n  
t h a t  t h e  p r o c e s s  documents a r e  be ing  fo l lowed  t o  t h e  l e t t e r .  
Wel l -des igned,  mechanized o r  automated p r o c e s s e s  a r e  e a s i e r  t o  
c o n t r o l  t h a n  t h o s e  which depend on human o p e r a t o r s .  T h i s  a p p l i e s  
whether  t h e  MLBs a r e  procured in-house o r  o u t .  Another impor tan t  
a d j u n c t  t o  p r o c e s s  c o n t r o l  i s  a n  a l e r t  p r o c e s s  e n g i n e e r i n g  o r -  
g a n i z a t i o n  (may b e  one man) t o  t roub le - shoo t  and s o l v e  anomalous 
problems t h a t  do n o t  respond t o  t h e  normal p rocedures  f o r  keep ing  
t h e  p r o c e s s  i n  c o n t r o l .  
4 .  Summary 
The l i f e  oT m u l t i l a y e r  p r i n t e d  c i r c u i t  boards  depends on t h e  cap- 
a b i l i t y  of t h e  boards  t o  w i t h s t a n d  t h e  temperature- induced s t r e s s e s  
r e s u l t i n g  from t h e  s o l d e r i n g  p r o c e s s  and t h e  subsequent  t e m p e r a t u r e  
c y c l i n g  exper ienced  d u r i n g  t h e  s e r v i c e  l i f e  as a  r e s u l t  of b o t h  
ambient t e m p e r a t u r e  changes and t h e  t e m p e r a t u r e  changes induced 
when t h e  equipment i s  e n e r g i z e d .  The f a i l u r e  mode i s  c r a c k i n g  a t ,  
o r  i n ,  t h e  p l a t e d  th rough  h o l e s ,  and i s  t h e  r e s u l t  of t h e  d i f -  
f e r e n c e  of t h e r m a l  expans ion  of copper  and glass-epoxy.  The l i f e  
of a n  MLB e l e c t r o p l a t e d  w i t h  b r i t t l e  copper ,  and t h i n  p l a t e  i n  t h e  
p l a t e d  th rough  h o l e s ,  i s  ex t remely  s h o r t  s i n c e  f a i l u r e  w i l l  o c c u r  
a f t e r  a  few t e m p e r a t u r e  c y c l e s .  The l i f e  of MLB, th rough  good 
d e s i g n  and p r o c e s s  c o n t r o l ,  can  be extended t o  g r e a t e r  t h a n  200 
t e m p e r a t u r e  c y c l e s  between -65°C and l l Q 0 C ,  
The prime l o n g - l i f e  i s  t h e  d u c t i l i t y  of  t h e  copper  p l a t e  i n  t he  
p l a t e d  through-hole .  To a c h i e v e  d u c t i l e  copper  and t o  avoid  b r i t -  
t l e ,  o r  hard  copper ,  extreme process  c o n t r o l  i s  r e q u i r e d  d u r i n g  
t h e  e l e c t r o p l a t i n g  p r o c e s s  t o  i n s u r e  h i g h  d u c t i l i t i e s  i n  t h e  r e -  
g i o n  of 5 t o  10% e l o n g a t i o n .  It does  n o t  appear  f e a s i b l e  t o  i n s u r e  
d u c t i l i t y  by r e q u i r i n g  a d u c t i l i t y  t e s t  on a test sample a s  de- 
p o s i t e d  i n  t h e  b a t h ,  because  t h e  t h i n n e s s  of the sample (only  
s e v e r a l  copper  g r a i n s  t h i c k )  y i e l d s  u n r e l i a b l e  r e s u l t s ,  lBPI pre-  
f e r s  a  h a r d n e s s  t e s t .  Rockwell B h a r d n e s s e s  of 50 have g iven  good 
r e s u l t s ,  w h i l e  h a r d n e s s e s  a s  h i g h  as 80 t o  9Q may g i v e  t r o u b l e .  
While e l e c t r o p l a t i n g  i s  a  c r i t i c a l  p r o c e s s  t o  l o n g - l i f e ,  t h e  h o l e  
d r i l l i n g  and c l e a n i n g  p r o c e s s e s  a r e  a lmost  a s  c r i t i c a l  and they 
a l s o  r e q u i r e  v e r y  c l o s e  p r o c e s s  c o n t r o l .  
The d e s i g n  of t h e  board a l s o  markedly i n f l u e n c e s  t h e  l i f e .  The 
most s i g n i f i c a n t  d e s i g n  f a c t o r s  f o r  a c h i e v i n g  l o n g - l i f e  i n  a 
f l u c t u a t i n g  t e m p e r a t u r e  environment a r e  l i s t e d ;  
1 )  The t h i c k n e s s  of t h e  h o l e  p l a t e  should  n o t  be  l e s s  t h a n  0.0015 
i n c h .  
2 )  Res in -g lass  sys tems of low thermal  expansion should be deve- 
loped and used when t h e  t empera tu re  environment i s  s e v e r e .  
3 )  Thinner boards  a r e  p r e f e r r e d ,  s i n c e  t h e  e f f e c t  of t h e  h i g h  
expansion of t h e  r e s i n  is  p r o p o r t i o n a l l y  minimized.  
4 )  The normal ly  used  s t a n d a r d  l a n d ,  p l a t e d  h o l e  c o n n e c t i o n  i s  
s u p e r i o r  t o  b o t h  f u n c t i o n a l  l a n d  and l a n d l e s s  d e s i g n s .  
5 )  Heavy l a y e r  copper  (2  ounce) i s  p r e f e r a b l e  t o  112 and 1 ounce 
c i r c u i t s .  
6 )  The t h i c k n e s s  of t h e  i n n e r  p lane  l a y e r s  should  be approximately  
matched t o  t h e  t h i c k n e s s  of t h e  p l a t e d  through h o l e s .  
A s  f i n a l  v e r i f i c a t i o n  of b o t h  t h e  d e s i g n  and t h e  p r o c e s s  c o n t r o l ,  
a  t e s t  coupon from each p roduc t ion  panel  should  be s u b j e c t e d  t o  
t empera tu re  c y c l i n g  between -65°C and 110°C. The s p e c i a l  t e s t  
coupon should c o n t a i n  80 t o  100 p l a t e d  through h o l e s  i n  s e r i e s .  
The t e s t  coupon be ing  used by Mart in  M a r i e t t a  Aerospace on t h e  
Viking program i s  shown, a s  an  example, i n  F i g u r e  5.  During tem- 
p e r a t u r e  c y c l i n g ,  i n c r e a s e d ,  out-of-spec,  e l e c t r i c a l  r e s i s t a n c e  
would c o n s t i t u t e  a  f a i l u r e .  The number of t empera tu re  c y c l e s  
should be determined from an a n a l y s i s  of t h e  p a r t i c u l a r  program 

o r  mfss ion .  For m i l d  c o n d i t i o n s ,  5Q temperature cycles are recom- 
mended, while 200 cycles are recommended for more severe applica- 
tions. Since the state-of-the-art in MLBs is approximately 200 
cycles, multilayer printed circuit boards should not be used in 
long-life hardware which will experience a great number of tem- 
perature cycles. An example is exposed hardware (not temperature 
controlled) on a spacecraft in a 150 nautical mile earth orbit, 
where a temperature cycle is experienced every 1-112 hours. 
D. PRINTED C I R C U I T  BOARD ASSEMBLIES 
I n t r o d u c t i o n  
The m a j o r i t y  of t h e  technology on t h e  p r e v e n t i o n  of s o l d e r  crack-  
i n g  problems on PC boards  was developed a s  a  r e s u l t  of s o l d e r  c rack-  
i n g  problems on t h e  S a t u r n  Program. The s o l u t i o n  t o  t h e s e  pro- 
blems was under taken  by a  S o l d e r  Committee e s t a b l i s h e d  a t  MSFC i n  
February 1967, and c h a i r e d  by M r .  E .  Ray Van Orden. 
Exhaus t ive  s t u d i e s  of s o l d e r  c r a c k i n g  have been performed s i n c e  
1967, and s u f f i c i e n t  knowledge e x i s t s  t o  produce l o n g - l i f e  hard- 
ware,  p r o v i d i n g  t h e  l e s s o n s  l e a r n e d  by t h e s e  i n v e s t i g a t i o n s  a r e  
unders tood and fo l lowed .  The approach of t h i s  s e c t i o n  i s  t o  con- 
c i s e l y  summarize t h e s e  i n v e s t i g a t i o n s  and r e f e r e n c e  t h e  s o u r c e  
d a t a .  
Four MSFC documents and f i v e  r e p o r t s  from Westinghouse,  I B M ,  and 
Mar t in  M a r i e t t a  Corpora t ion  a r e  b r i e f l y  a b s t r a c t e d  h e r e i n .  
These n i n e  documents p rov ide  t h e  e s s e n t i a l  background i n f o r m a t i o n  
and guidance f o r  any program w i t h  t h e  g o a l  of l o n g - l i f e  a s s u r a n c e .  
The mechanism of f a i l u r e  is  t h e  r e s u l t  of mismatches i n  t h e  co- 
e f f i c i e n t s  of thermal  expansion.  Temperature changes f a t i g u e  t h e  
s o l d e r  j o i n t  producing s t r e s s  l i n e s  and b u l g e s ,  and t h e n  s m a l l  
c racks  which become p r o g r e s s i v e l y  s e v e r e  u n t i l . ,  f i n a l l y ,  e l e c t r i c a l  
f a i l u r e  o c c u r s .  
The v a r i a t i o n  i n  s o l d e r  j o i n t  l i f e  ranges  from 1 a c c e l e r a t e d  tem- 
p e r a t u r e  c y c l e  t o  more t h a n  4000 c y c l e s ,  and mainly  depends on t h e  
s t r e s s  r e l i e f  i n h e r e n t  i n  t h e  d e s i g n .  
L i f e  L i m i t i n g  Problems and S o l u t i o n s  
a. Abstracts of  Source Data - 
1)  The mechanism of s o l d e r  j o i n t  f a i l u r e  i s  d e s c r i b e d  i n  a  r e c e n t  
r e p o r t  by R. N .  Wild (Ref 1 1 ) .  
This  r e p o r t  d e s c r i b e s  t h e  primary cause  of s o l d e r  j o i n t  f a i l u r e  a s  
a  slow c y c l e  f a t i g u e  phenomena and emphasizes t h a t  a  s o l d e r  j o i n t  
seldom f a i l s  because  i t s ' u l t i m a t e  s t r e n g t h  has  been exceeded. Re- 
l a t i v e l y  low s t r e s s e s  (from i n a d e q u a t e  s t r e s s  r e l i e f )  cause  r a p i d  
c reep  and r e l a x a t i o n  of t h e  s t r e s s  and,  a f t e r  a  number of c y c l i c  
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r e p e t i t i o n s  (from tempera tu re  changes ) ,  a  c r a c k  forms and progres-  
s e s  t o  t h e  p o i n t  of e l e c t r i c a l  f a i l u r e .  The f i r s t  v i s u a l  evidence 
of c y c l i c  damage i s  a  d u l l i n g  of t h e  normal ly  b r i g h t  s h i n y  s u r f a c e ,  
appear ing  a s  a n  a n n u l a r  c r a z i n g  o r  f r o s t y  c o n d i t i o n .  A s  t h e  s o l -  
d e r  i s  work hardened,  g r a i n  growth and r e c r y s t a l l i z a t i o n  o c c u r s .  
The s l i p  w i l l  t h e n  occur  i n  a  s l i g h t l y  d i f f e r e n t  ( n o n - s t r a i n  hard- 
ened) p o s i t i o n  w i t h i n  t h e  s o l d e r  j o i n t .  Th i s  produces s e v e r a l  s l i p  
bands u n t i l  one i s  weakened due t o  Pb r ich-phase  a l ignment  t o  a  
p o i n t  where f r a c t u r i n g  o c c u r s  and subsequen t ly  p r o g r e s s e s  t o  an  
e l e c t r i c a l  f a i l u r e .  Using a  c y c l i c  s t r a i n  t e s t i n g  machine devel-  
oped by IBM, i t  was d i scovered  t h a t  when t h e  s t r a i n  c y c l e s  were 
a p p l i e d  s lowly ,  a  s o l d e r  j o i n t  would f a i l  a f t e r  much fewer c y c l e s  
t h a n  when t h e  c y c l i c  s t r a i n s  were a p p l i e d  a t  a  more r a p i d  r a t e .  
T h i s  i s  a t t r i b u t e d  t o  t h e  g r e a t e r  p l a s t i c  de format ion  t h a t  occur- 
r e d  on each c y c l e  when s lower  c y c l i n g  was employed. 
2) A NASA T e c h n i c a l  Memorandum by M .  J .  B e r k e b i l e  (Ref 12)  
d e s c r i b e s  t h e  causes  and s o l u t i o n s  of some of t h e  cracked s o l d e r  
j o i n t  problems which occur red  on t h e  S a t u r n  Program. The p a r t  
mounting t e c h n i q u e s  d i d  n o t  a l l o w  f o r  t h e  s t r e s s e s  caused by t h e r -  
mal expansion of t h e  boards  t h a t  occur red  i n  normal o p e r a t i o n .  
P a r t i c u l a r  problems d i s c u s s e d  i n c l u d e :  (1) t h e  s o l d e r  j o i n t  crack- 
i n g  which t e n d s  t o  occur  when a  feed- through i s  s o l d e r e d  t o  b o t h  
s i d e s  of a  b a r e  ( n o t  p la ted- th rough)  h o l e ,  (2) t h e  s o l d e r  j o i n t  
c r a c k i n g  t h a t  r e s u l t s  from t h e  t y p i c a l  t r a n s i s t o r  mounting u s i n g  
a  p l a s t i c  s p a c e r ,  and conformal c o a t i n g ,  and (3) problems w i t h  re-  
l a y s  and modules. S e v e r a l  f l i g h t  hardware i t e m s  were reworked t o  
p r o v i d e  s t r e n g t h e n e d  s o l d e r  j o i n t s .  The t echn iques  employed were 
t h e  f l a n g e d  r u b e l e t ,  copper t u b e l e t ,  and redundant  s o f t  copper 
w i r e .  Such rework t echn iques  a r e  avoided when s t r e s s  r e l i e f  i s  
provided by t h e  des ign .  The r e p o r t  c o n t a i n s  numerous g u i d e l i n e s  
and diagrams,  and emphasizes t h a t  h i g h  conf idence  i n  t h e  l i f e  ca- 
p a b i l i t y  of any packaging d e s i g n  can  o n l y  be  ob ta ined  by v e r i f i c a -  
t i o n  t e s t i n g  employing t empera tu re  c y c l i n g  and v i b r a t i o n .  
3) An i n v e s t i g a t i o n  by Barnes Beasley of MSFC is  r e p o r t e d  i n  Ref- 
e r e n c e  13. I n  t h i s  i n v e s t i g a t i o n ,  c a l c u l a t i o n s  were f i r s t  made 
t o  d e r i v e  t h e  s o l d e r  j o i n t  l o a d s  r e s u l t i n g  from v a r i o u s  p a r t  mount- 
i n g  t e c h n i q u e s  a s  a  r e s u l t  of exposure  t o  t empera tu res  of -20°C 
t o  85OC.  The r e s u l t s ,  summarized i n  Tab le  2, i l l u s t r a t e  t h e  s e r i -  
ousness  of t h e  problem t h a t  can be expected w i t h  t h e  s t a n d a r d  
mounting of t r a n s i s t o r s  on nylon s p a c e r s ,  and w i t h  l a r g e r  compon- 
e n t s  such a s  t r a n s f o r m e r s  and modules. Table  2  a l s o  i l l u s t r a t e s  
t h e  b e n e f i t s  of low modulous ( r e s i l i e n t )  pads and s p a c e r s .  Var ious  
hardware c o n f i g u r a t i o n s  were f a b r i c a t e d  and s u b j e c t e d  t o  tempera- 
t u r e  c y c l i n g  between -30°C and 100"C, us ing  a  three-hour c y c l e  w i t h  
w i t h  one-hour s o a k  t i rn~s a t  lasgi~ d1Id iotii t e m p e r a t u r e .  Tlre t e s t  
r e s u l t s ,  summarized i n  T a b l e  3 i l l u s t r a t e s  t h e  problem t h a t  e x i s t s  
w i t h  t r a n s i s t o r s  and l a r g e  modules .  
4 )  A NASA T e c h n i c a l  Memorandum by E ,  Ray Van Orden (Ref 14 )  p re -  
s e n t s  many t e c h n i q u e s  o f  s t r a i n  r e l i e f ,  i n c l u d i n g  a b a s i c  d e s i g n  
c o n c e p t  on moun t ing  components  i ~ i i , l a  heavy l e a d s  t o  a  s o l i d  s t r u c -  
t u r a l  b a s e  and  t h e n  s o l d e r i n g  the l e a d s  t o  a  t h i n ,  f l e x i b l e ,  b o a r d  
wh ich  i s  f r e e  t o  y i e l d  unde r  s t r e s s ,  T h i s  r e p o r t  p r e s e n t s  a  v e r y  
comprehens ive  se t  of g u i d e l i n e s ,  a n  example of  which  a r e  p r e s e n t e d  
as  F i g u r e  6. One o f  t h e  most  s i g n i f i c a n t  i t e m s  i s  t h a t  a b a s i c  
p o l i c y  was o n  v e r i f y i n g  t h e  paclcagi?zg d e s i g n  by t e s t i n g  was e s t a b -  
l i s h e d  by t h e  S o l d e r  Committee.  T h i s  v e r i f i c a t i o n  p o l i c y  h a s ,  
s u b s e q u e n t l y ,  b e e n  implemented by many NASA c o n t r a c t o r s .  T h i s  test-  
i n g  s h o u l d  b e  accompl i shed  a s  l o n g  b e f o r e  f o r m a l  Q u a l i f i c a t i o n  
T e s t i n g  as p o s s i b l e ,  t o  e n a b l e  a d e q u a t e  o p p o r t u n i t y  f o r  t i m e l y  c o r -  
r e c t i v e  a c t i o n  on t h e  b a s i c  packag ing .  T h i s  p o l i c y ,  e n t i t l e d  
B a s i c  D e s i g n  V e r i f i c a t i o n ,  i s  a s  f o l l o w s :  
"It  i s  a n t i c i p a t e d  t h a t  many more packag ing  c o n f i g u r a t i o n s ,  
some of which  may b e  more complex t h a n  t h e  fundamen ta l  con- 
c e p t s  d i s c u s s e d  h e r e i n ,  w i l l  become e v i d e n t .  I n  o r d e r  t o  e s -  
t a b l i s h  c o n f i d e n c e  i n  t h e  r e l i a b i l i t y  o f  new packaging  c o n f i g -  
u r a t i o n s ,  t h e  f o l l o w i n g  tests  have  been  s t a n d a r d i z e d  by t h e  
S o l d e r  Committee.  New packag ing  c o n f i g u r a t i o n s  s h o u l d  have  
been  s u c c e s s f u L l y  t e s t e d  p r i o r  t o  i m p l e m e n t a t i o n .  
"1. T e m p e r a t u r e  c y c l i n g  - The s u b a s s e m b l i e s  s h o u l d  be  temper- 
a t u r e  c y c l e d  i n  a n  a i r  c i r c u l a t i n g  oven f rom room temper-  
a t u r e  t o  -55°C t o  100°C and back  t o  room t e m p e r a t u r e  a t  
a  r a t e  n o t  t o  exceed  5°C p e r  m i n u t e .  Soak t i m e  a t  e a c h  
t e m p e r a t u r e  ex t r eme  s h o u l d  b e  15 m i n u t e s ,  minimum. The 
d u r a t i o n  of e a c h  c y c l e  s h o u l d  a v e r a g e  2  h o u r s .  An in -  
s p e c t i o n  of e a c h  j o i n t  under  l5X m a g n i f i c a t i o n  s h o u l d  b e  
pe r fo rmed  p r i o r  t o  t e s t  and a f t e r  3.0, 25,  1 0 0  and 200 
c y c l e s ,  
"2. V i b r a t i o n  - A f t e r  c ~ m p l e t i n g  t h e  t e m p e r a t u r e  c y c l i n g  t e s t ,  
t h e  subassembly  s h o u l d  b e  s u b j e c t e d  t o  v i b r a t i o n  equ iva -  
l e n t  t o  t h e  r e q u i r e m e n t s ,  p l u s  a  s a f e t y  f a c t o r ,  d i c t a t e d  
by d e s i g n  t h a t  t h e  subassembly  w i l l  s e e  i n  u s a g e  o r  ac-  
c e p t a n c e  t e s t i n g .  
"3. Comple te  a s s u r a n c e  is  e s t a b l i s h e d  i f  t h e r e  a r e  no c r a c k e d  
s o l d e r  t e r m i n a t i o n s  found a f t e r  200 t h e r m a l  c y c l e s  and v i -  
b r a t i o n  t e s t i n g  when examined u n d e r  a  minimum of 15X mag- 
n i f i c a t c i o n , "  
Tab Ze 2 Swnina~y of Solder Joinks Loads from MSFC Report liio, 53024 
TRANSISTOR CONFIGURATION 
Nylon Spacer 
XCU-A308 Spacer 
Sleeve Spacer 
TRANS FORMER CONFIGURATIOB 
Transformer with Conformal Coating 
Transformer W/O Conformal Coating 
Transformer with XCU-A308 (Pad) 
Transformer with XCU-A308 (~asket) 
WELDED MODULE CONFIGURATION 
Welded Module with Conformal Coating 
Welded Module with XCU-A308 Pad 
Table  3 Summary of Temperature C y c l i n g  7'esting of 
Sol&? Jo iq t s  @OM PGFC Report iVo. 53824 
r a n s i s t o r s  Mounted Using 
i n y l  o r  T e f l o n  Lead S l e e v i n g  
s S t a n d o f f s  
r a n s i s t o r s  Mounted on 200 t o  1000 
e s i l i e n t  Pads 
t andard  Mounted 
rans formers  on T e s t  Boards 
t andard  Mounted Transformers  
n Two Hardware Packages 
t andard  Mounted Modules i n  
wo Hardware Packages 
t andard  Mounted PC Connectors  
C Connectors Mounted on 
e s i l i e n t  Pads 
r e e  (Uns t ressed)  Kovar 
r a n s i s t o r  Leads 
NO S T R A I N  R E L I E F  
Figure 6 Parts Mounting Guidelines from Reference 14 
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Figure 6 Parts Mounting Guido tines (Continued) 
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Table 4 Susceptabi l i ty  o f  Various Typas o f  TO-5 Transistor 
So Zder Joints  t o  Cracking During Thermal Cycling 
Type of 
Solder Joint 
~ ~ ~ r o ' q i r n a t e  
Cycles  to Cracking 
Standard joint l e s s  than 100 
Plated-through holes,  lead f r e e  on one end 150 
Standard joint, jumper wire ,  soldered both ends 300 
Standard joint, 0.005 inch maximum hole/lead d iameter  300 
E yeiet, funnel, spli t ,  b r a s s  300 
Stzndard joint, silicone foam rubber  spacer  350 
Standard joint, lead f r ee  on one end 500 
D loop, standard solder  500 
Ext ra  heavy so lder ,  silicone foam rubber  spacer  600 
Ez t ra  heavy so lder ,  0.11 5 inch DAP spacer  600 
Extra heavy so lder ,  no spacer  700 
52 percent nicke1/48 percent iron lead,  standard joint, 800 
f ree  on one end 
Ext ra  heavy so lder ,  U loop, silicone foam rubber  spacer  800 
F;xira heavy solder ,  C loop, no spacer  850 
d x t r a  rleavy so lder ,  D loop, 0.078 spacer  90 0 
Unless otherwise noted, all joints a r e  Kovar leads ,  60/40 tin-lead 
solder ,  TO-5 t r ans i s to r s  mounted on 0.078 inch thick DAP space r s  with 
0.917 to 0.019 i n c ~  diameter  gold plated Kovar through 0.026 inch d iameter  
holes formed over  and soldered per  NPC-200-4. 
5) A Westinghouse Report  (Kef 15) d e s c r i b e s  an  ex i re i i~e ly  compre- 
h e n s i v e  program i n v e s t i g a t i n g  a lmost  every  a s p e c t  of s o l d e r  j o i n t s  
f o r  p r i n t e d  c i r c u i t  boards .  Th i s  work was under taken  under t h e  
t e c h n i c a l  d i r e c t i o n  of E .  Ray Van Orden, of MSFC. The scope  of 
t h i s  work inc luded  i n d u s t r y  s u r v e y s ,  f a i l u r e  mechanism a n a l y s e s ,  
t e s t  of d i f f e r e n t  s o l d e r  a l l o y s ,  and comprehensive t e s t  programs 
t o  e v a l u a t e  t h e  many v a r i a b l e s  invo lved .  
The approach used by Westinghouse was t o  e s t a b l i s h  t h e  r e l a t i v e  
i n f l u e n c e  of t h e  many v a r i a b l e s  by b u i l d i n g  them i n t o  b a s i c  con- 
f i g u r a t i o n s  i n t e n t i o n a l l y  s e l e c t e d  a s  having a  v e r y  low r e s i s t a n c e  
t o  t empera tu re  c y c l i n g .  These c o n f i g u r a t i o n s  were  1 i n c h  s q u a r e  
modules w i t h  n i n e  p i n s ,  s o l d e r e d  i n t o  v a r i o u s  t y p e s  of p r i n t e d  
boards ,  w i t h  d i f f e r e n t  s o l d e r  a l l o y s ,  conformal c o a t i n g s ,  s o l d e r  
j o i n t  d e s i g n s ,  and a p p l i c a t i o n  t e c h n i q u e s .  
Again,  i t  was e v i d e n t  from t h e  extreme complexi ty  of t h e  s o l d e r  
j o i n t  c r a c k i n g  problem t h a t  a c t u a l  v e r i f i c a t i o n  by t empera tu re  
c y c l i n g  t e s t i n g  i s  mandatory.  
6) A r e p o r t  by M a r t i n  M a r i e t t a  Orlando D i v i s i o n  (Ref 16)  d e s c r i b e s  
an  i n v e s t i g a t i o n  of s o l d e r  j o i n t  c r a c k s  i n  a  C o n t r o l  S i g n a l  Pro- 
c e s s o r  and t o  develop s o l d e r  j o i n t s  c a p a b l e  of w i t h s t a n d i n g  a  g o a l  
of 1800 tempera tu re  c y c l e s .  Th i s  s t u d y  main ly  addressed  t h e  t r a n -  
s i s t o r  mounting problem. The endurance of v a r i o u s  t r a n s i s t o r  
s o l d e r  j o i n t s  t e s t e d  a r e  summarized i n  T a b l e  4 .  The profound bene- 
f i t s  of s t r e s s  r e l i e f  and e x t r a  heavy s o l d e r  i s  e v i d e n t  by t h e  
f a c t  t h a t  100 t empera tu re  c y c l e s  (-55 t o  +125OC) cracked over  50% 
of t h e  s t a n d a r d  s o l d e r  j o i n t s ,  b u t  w i t h  t h e  i n c o r p o r a t i o n  of "D" 
loops  and e x t r a  heavy s o l d e r ,  o n l y  one minor c r a c k  had developed 
by 900 c y c l e s .  
7) A r e p o r t  by M a r t i n  M a r i e t t a  Orlando D i v i s i o n  (Ref 17) d e s c r i b e s  
a  program t o  deve lop  s o l d e r  j o i n t s  c a p a b l e  of w i t h s t a n d i n g  a  12,000 
the rmal  c y c l e  g o a l  on t h e  Apollo Telescope Mount Gyro P r o c e s s o r .  
I n  t h i s  program, a n  " a c c e l e r a t e d "  thermal  c y c l e  was used i n  which 
4000 t e s t  c y c l e s  were approx imate ly  e q u i v a l e n t  t o  t h e  12,000 c y c l e  
g o a l .  The b e n e f i t s  of l e a d  s t r e s s  r e l i e f ,  r e s i l i e n t  s p a c e r s ,  heavy 
s o l d e r  j o i n t s ,  and s o l d e r  j o i n t s  s t r e n g t h e n e d  w i t h  t u b e l e t s ,  were 
c l e a r l y  e s t a b l i s h e d .  
8)  A r e p o r t  by IBM (Ref 18)  d e s c r i b e s  i n v e s t i g a t i o n s  r e s u l t i n g  
from a cracked s o l d e r  j o i n t  i n  a  F l i g h t  C o n t r o l  Computer. The 
g o a l  was t o  implement s o l d e r  j o i n t  f i x e s  t o  enab le  t h e  computer 
and o t h e r  hardware  t o  w i t h s t a n d  60 t empera tu re  c y c l e s  between -20°C 
and 85°C. The 60-cycle requirement  was d e r i v e d  a s  e q u i v a l e n t  t o  
2 y e a r s  normal  o p e r a t i o n s ,  p l u s  a s a f e t y  factor, The v a r i o u s  ha rd -  
ware  i t e m s  w e r e  reworked u t i l i z i n g  t h e  v a r i o u s  d i f f e r e n t  c o r r e c t i v e  
a c t i o n s  d e p e n d i n g o n  "che p r a c t i c a l i t y  of  i m p l e m e n t a t i o n  on  e a c h  
ha rdware  i t e m .  The t y p e s  of  c o r r e c t i v e  a c t i o n  implemented were: 
O f f s e t  p a d s ;  
S t r a i n  r e l i e f  l o o p s ;  
Tear-drop  p a d s  t o  p e r m i t  heavy s o l d e r  f i l l e t s ;  
Rubber s p a c e r s ;  
T u b l e t s ;  
Crimped and s o l d e r e d  m i c r o l e t s ;  
P l a t e d - t h r o u g h  h o l e s ;  
P e r c u s s i v e  w e l d i n g .  
Fo r  t h e  d e s i g n  of f u t u r e  p r o d u c t i o n ,  200 t e m p e r a t u r e  c y c l e s  were  
u s e d ,  and I B M  s e l e c t e d  o f f s e t  p a d s ,  p l a t e d  khrough h o l e s ,  and re- 
s i l i e n t  pads  as t h e  p r imary  s o l u t i o n s .  
A  r e v i e w  o f  t h i s  r e p o r t  shows t h a t  t r a n s i s t o r s ,  and l a r g e r  p a r t s  
s u c h  a s  t r a n s f o r m e r s ,  r e l a y s ,  and i n d u c t o r s  c o n s t i t u t e d  t h e  m a j o r i t y  
o f  t h e  p rob lems .  
9 )  The f o r e g o i n g  i n v e s t i g a t i o n s  and t h e  s a l i e n t  c o n c l u s i o n s  of 
t h e  S o l d e r  J o i n t  Committee a r e  r e f l e c t e d  i n  t h e  s p e c i f i c a t i o n  MSFC- 
STD-136, " S t a n d a r d  P a r t s  Mounting Des ign  Requi rements"  d a t e d  J u n e  
11, 1 9 7 1  (Ref 1 9 ) .  T h i s  s p e c i f i c a t i o n  is  recommended f o r  Long-Life 
A s s u r a n c e ,  and  i t  s h o u l d  b e  p a r t i c u l a r l y  n o t e d  t h a t  t h e  s p e c i f i -  
c a t i o n  r e q u i r e s  v e r i f i c a t i o n ,  by 200 t e m p e r a t u r e  c y c l e s ,  f o r  a l l  
c o n f i g u r a t i o n s  which  d e v i a t e  f rom t h e  s p e c i f i c a t i o n .  From p a s t  
e x p e r i e n c e ,  i t  c a n  b e  s t a t e d  t h a t  on any  l a r g e  s p a c e  program t h i s  
a p p r o a c h  w i l l  s a v e  many d o l l a r s  i n  s o l d e r  j o i n t  f a i l u r e  i n v e s t i -  
g a t i o n s ,  and c o r r e c t i v e  a c t i o n  programs t o  rework  o r  r e d e s i g n  and 
r e b u i l d  ha rdware .  Some of  t h e  d i ag rams  from t h i s  s p e c i f i c a t i o n  
a r e  r e p r o d u c e d  h e r e i n  a s  F i g u r e s  7 t h r o u g h  1 3 ,  b u t  t h e  e n t i r e  
s p e c i f i c a t i o n  s h o u l d  b e  o b t a i n e d  and d i r e c t l y  implemented on  l o n g  
l i f e  p rog rams ,  o r  u sed  as a  b a s i s  f o r  e s t a b l i s h i n g  t h e  packag ing  
s p e c i f i c a t i o n  f o r  a s p e c i f i c  program. 
1 0 )  On t h e  V i k i n g  Lander  Program, M a r t i n  M a r i e t t a  Aerospace  i m -  
posed  r i g i d  c o n t r o l  on packag ing  t e c h n i q u e s .  Some f e a t u r e s  of  
t h i s  program a r e  p r e s e n t e d .  For  t h e  mount ing  of  t r a n s i s t o r  c a n s ,  
a  s p a c e r  was d e v e l o p e d  u s i n g  b e r y l i a ,  a  low c o e f f i c i e n t  of  expan- 
s i o n  m a t e r i a l .  T h i s  s p a c e r ,  shown i n  F i g u r e  1 4 ,  i s  u s e d  a s  i t s  
own t o o l  f o r  a c c o m p l i s h i n g  t h e  f i r s t  s t r e s s  r e l i e f  bend.  The s e c -  
ond bend i s  accompl i shed  u s i n g  aa a u x i l i a r y  t o o l  which  s l i p s  o v e r  
t h e  bo t tom o f  t h e  s p a c e r ,  Another i n t e r e s t i n g  a p p r o a c h  was t h e  
approach  u s e d  on a x i a l  l e a d  p a r t s  such as resistors and capacitors. 
The c o n c e r n  was t h a t  on a x i a l  l e a d  p a r t s  of s m a l l  d i a m e t e r ,  t h e  
s o l d e r  f i l l e t  migh t  e n v e l o p  t h e  YOostress r e l i e f  bend and, t h e r e -  
f o r e ,  a s p e c i a l  c r i t e r i a  was e s t a b l i s h e d  when t h e  d i s t a n c e  of t h e  
a x i a l  l e a d  t o  t h e  boa rd  was l e s s  t h a n  1 . 5  t i m e s  t h e  p a r t  l e a d  
d i a m e t e r .  T h i s  c r i t e r i a  i s  shown i n  F i g u r e  1 5 .  
b. Other Factors A f f e c t i n g  Solder J o i n t  L i f e  - The f a c t o r  of  l e a d  
s t r e s s  r e l i e f  i s  t h e  p r imary  f a c t o r  i n f l u e n c i n g  s o l d e r  j o i n t  l i f e .  
O t h e r  f a c t o r s ,  o f  s e c o n d a r y  t o  no i m p o r t a n c e ,  a r e  b r i e f l y  d e s c r i b e d .  
1 )  E f f ~ c t  o f  Solder AZZoy - When c r a c k e d  s o l d e r  j o i n t s  were in -  
v e s t i g a t e d  on  t h e  S a t u r n  program,  many s o l d e r  a l l o y s  were  r e s e a r c h e d  
and a  number of  s e l e c t e d  a l l o y s  were  t e s t e d  i n  a n  a t t e m p t  t o  s o l v e  
t h e  problem by a n  a l l o y  s i g n i f i c a n t l y  more r e s i s t a n t  t o  tempera-  
t u r e  c y c l i n g .  
M a r t i n  M a r i e t t a - O r l a n d o  t e s t e d  s i x  a l l o y s  (Ref 16 )  and concluded 
t h a t  60140 s o l d e r  was optimum ( F i g u r e  1 6 ) .  
West inghouse  t e s t s  ( R e f  1 5 )  showed t h a t  9 7 . 5  p e r c e n t  l e a d ,  1 . 5  p e r -  
c e n t  t i n  s o l d e r  had improved c r a c k i n g  r e s i s t a n c e .  However, t h e  
h i g h e r  m e l t i n g  p o i n t  ( 5 8 8 " ~ )  caused  d e l a m i n a t i o n  of  t h e  copper  o n  
t h e  p r i n t e d  c i r c u i t  b o a r d .  A l s o ,  v a r i a b i l i t y  i n  s o l d e r  j o i n t  ap-  
p e a r a n c e  c r e a t e d  a n  i n s p e c t i o n  problem. A 50 p e r c e n t  indium,  50 
p e r c e n t  l e a d  s o l d e r  e x h i b i t e d  somewhat improved c r a c k  r e s i s t a n c e ,  
m e l t e d  a t  a n  a c c e p t a b l e  t e m p e r a t u r e  (400°F) ,  b u t  d i f f i c u l t y  was 
e x p e r i e n c e d  w i t h  m a i n t a i n i n g  a t i n n e d  t i p  on t h e  s o l d e r i n g  i r o n .  
On t h e  V i k i n g  Program, M a r t i n  M a r i e t t a  Aerospace ,  concerned  w i t h  
t h e  h i g h  t e m p e r a t u r e  s t e r i l i z a t i o n  r e q u i r e m e n t ,  i n v e s t i g a t e d  o t h e r  
s o l d e r  a l l o y s .  Again ,  no s i g n i f i c a n t  improvement was found .  
A c u r r e n t  i n v e s t i g a t i o n  on  d i f f e r e n t  s o l d e r  a l l o y s ,  b e i n g  conduc ted  
by R .  N .  Wild o f  I B M ,  w i l l  b e  comple ted  i n  e a r l y  1973.  
Whi le  c e r t a i n  s o l d e r  a l l o y s  do a p p e a r  s u p e r i o r  t o  c o n v e n t i o n a l  60 /  
40 s o l d e r  i n  some s p e c i f i c  a p p l i c a t i o n s ,  i t  h a s  been  g e n e r a l l y  con- 
c l u d e d  by i n d u s t r y  t h a t  t h e  s o l d e r  j o i n t  c r a c k i n g  problem must  b e  
ma in ly  s o l v e d  by packag ing  d e s i g n s  which  remove e x t e r n a l  s t r e s s  
from t h e  s o l d e r  j o i n t s ,  P a s t ,  c u r r e n t ,  and new developments  i n  
s o l d e r  a l l o y  t e c h n o l o g y  shou ld  b e  c o n s i d e r e d  f o r  p o s s i b l e  a p p l i c a -  
r i o n  t o  a  s p e c i f i c ,  and p a r t i c u l a r l y  d i f f i c u l t ,  p roblem,  b u t  t h e  
v a s t  m a j o r i t y  of  p o t e n t i a l  problems of s o l d e r  j o i n t  c r a c k i n g  a r e  
soLvah le ,  and s h o u l d  be s o l v e d ,  by t h e  p roven  t e c h n i q u e s  of  s t r e s s  
r e l . i e f .  
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2) of S o l d e r  B'lnSrLttlen~er,t Ln soldering g o l d  p l a t e d  
l e a d s ,  t h e  g o l d  d i s s o l v e s  i n  t h e  s o l d e r  and may fo rm b r i t t l e  i n -  
t e r m e t a l l i c  compounds and a  j o l n L  more p rone  t o  c r a c k i n g  when stres- 
s e d .  T h i s  i s  less l i k e l y  t o  o c c u r  w i t h  t h i n  p l a t e d  (50 m i c r o  
i n c h e s )  component l e a d s  i n  a  l a r g e  c i r c u l a r  s o l d e r  j o i n t ,  t h a n  w i t h  
t h e  t h i n  f a y i n g  s u r f a c e  Laye r s  of s o l d e r  s u c h  a s  unde r  I . C .  f l a t -  
pack  l e a d s .  
Avoidance  of  t h e  g o l d  i n t e r m e t a l l i c  problem h a s  been  accompl ished  
by s p e c i f y i n g  p r e - t i n n e d  l e a d s ,  by s u c c e s s i v e  wick ing -o f f  of  t h e  
s o l d e r  d u r i n g  hand s o l d e r i n g ,  o r  by p r e t i n n i n g  t h e  l e a d s  by a  wave 
s o l d e r i n g  machine  o r  by immersing t h e  l e a d s  i n t o  a  s o l d e r  p o t  and 
i n s u r i n g  a  washing  e f f e c t  by moving t h e  l e a d  t h r o u g h  t h e  b a t h  o r  
by u l t r a s o n i c  a g i t a t i o n .  
MSFC-STD-136 r e q u i r e s  t h a t  a l l  t e r m i n a t i n g  s u r f a c e s  s h a l l  b e  s o l -  
d e r - t i n n e d  prior t o  s o l d e r i n g .  
S o l d e r  b a t h s  u s e d  f o r  t i n n i n g  must  b e  p e r i o d i c a l l y  r e p l a c e d  t o  p re -  
v e n t  a  d a n g e r o u s  a c c u m u l a t i o n  of  g o l d .  The s p e c i f i e d  l i m i t ,  on 
t h e  V i k i n g  program,  was e s t a b l i s h e d  a t  0 . 1 % .  T h i s  v a l u e  a p p e a r s  
c o n s e r v a t i v e ,  when compared t o  a n  i n v e s t i g a t i o n  by R.  N .  SJi ld,  
(Ref 201,  who conc luded  t h a t  t h e r e  was no d e t r i m e n t a l  changes  i n  
t h e  p h y s i c a l  p r o p e r t i e s  of  s o l d e r  j o i n t s  w i t h  up t o  a b o u t  1% g o l d .  
L a r g e  s o l d e r  t a n k s  r e q u i r e  p e r i o d i c  chemica l  a n a l y s e s  of t h e  s o l -  
d e r  t o  d e t e r m i n e  when t h e  s ~ l d e r  s h o u l d  be  d i s c a r d e d ,  b u t ,  w i t h  
s m a l l  s o l d e r  p o t s ,  i t  i s  u s u a l l y  more economical  t o  f r e q u e n t l y  r e -  
p l a c e  t h e  s o l d e r  t h a n  t o  i n c u r  t h e  h i g h e r  e x p e n s e  o f  f r e q u e n t  
c h e m i c a l  a n a l y s e s .  
3 )  E f f e c t  o f  Lead FlateriaZ - S o l d e r  j o i n t  c r a c k i n g  d u e  t o  tempera-  
t u r e  c y c l i n g  c a n  o c c u r  f rom t h e  i n t e r n a l  s t r e s s e s  w i t h i n  t h e  j o i n t  
i t s e l f ,  when a l l  e x t e r n a l  l o a d s  have  been  removed. R e f e r e n c e  1 7  
q u o t e s  t h e  t e m p e r a t u r e  c y c l e  l i f e  of c l i n c h e d  l e a d s  w i t h  60140 
s o l d e r  on  s i n g l e  s i d e d  PC b o a r d s  a s  f o l l o w s :  
No. of Tempera tu re  C y c l e s  (-LOO t o  18S0F)  t o  
Lead M a t e r i a l  F i r s t  Crack  10% Cracked 
Kov a  r 250 7 0Q 
Copper > 4300 > / ! ? O i l  
These results are t h e  e f f e c t  of the  d i f f e r e n c e s  i n  t h e  c o e f f i c i e n t  
of thermal  expans ion  between s o l d e r  and t h e  l e a d  m a t e r i a l s ,  a s  
shown : 
M a t e r i a l  
C o e f f i c i e n t  of Thermal Expansion 
i n l i n l 0 C  x 
So lder  2 4  
Kovar 
Nicke l  
Copper 
T h i s  thermal  i n c a p a b i l i t y  of kovar t r a n s i s t o r  l e a d s  and s o l d e r ,  
coupled w i t h  e x t e r n a l l y  a p p l i e d  l o a d s  on t h e  s o l d e r  j o i n t ,  has  
caused s e r i o u s  s o l d e r  j o i n t  c r a c k i n g  problems. The p r e f e r r e d  so- 
l u t i o n  i s  t h e  e l i m i n a t i o n  of a l l  e x t e r n a l  l o a d s  through s t r e s s  re -  
l i e f  t e c h n i q u e s ,  and t h e  u s e  of p la ted- through-holes  t o  p r o v i d e  a  
s t r o n g e r  s o l d e r  j o i n t .  T h i s  approach i s  adequa te  f o r  most programs. 
However, on one program (Ref 1 7 ) ,  where t h e  g o a l  was 12,000 t h e r -  
mal c y c l e s ,  t e s t i n g  revea led  t h a t  heavy s o l d e r  and copper t u b e l e t s  
o v e r  t h e  end of t h e  t r a n s i s t o r  l e a d s  were n e c e s s a r y .  
4) Effect  of Lead Flex ib i l i t y  - " S t r a i n  r e l i e f  t o  a s o l d e r  j o i n t  
i s  b e s t  accomplished by mechan ica l ly  f a s t e n i n g  t h e  component and 
u s i n g  a  f l e x i b l e  e l e c t r i c a l  l i n k  between t h e  component and t h e  
s o l d e r  j o i n t .  The i d e a l  approach t o  s t r a i n  r e l i e f  i s  t o  u s e  com- 
ponents  having s m a l l ,  s t r a n d e d  o r  r i b b o n  l e a d s  f o r  f l e x i b i l i t y .  
U n f o r t u n a t e l y ,  t h e  p r e s e n t  concept  of packaging e l e c t r o n i c  hardware 
i s  t o  have component l e a d s  s t r o n g  enough t o  suppor t  t h e  component. 
A s  a r e s u l t ,  manufac tu re r s  p r o v i d e  l a r g e  l e a d  s i z e s  and a  v a r i e t y  
of l e a d  m a t e r i a l s .  These a r e  u s u a l l y  o v e r r a t e d ,  e l e c t r i c a l l y .  To 
u s e  components t h a t  a r e  a v a i l a b l e  today ,  l e a d  c o n f i g u r a t i o n s  must 
be  c r e a t e d  t h a t  minimize s t r e s s e s  t o  t h e  j o i n t .  T h i s  i s  accom- 
p l i s h e d  by p e r m i t t i n g  t h e  l e a d s  t o  f l e x . "  (Ref 1 4 ) .  
5 )  Effect of SoZder Application Techniques - Westinghouse performed 
a  s e r i e s  of t e s t s  (Ref 15) i n  which P.C. boards  were d i p  s o l d e r e d  
w i t h  60-percent t i n ,  40-percent l e a d  s o l d e r  a t  t empera tu res  of 425, 
500, and 550°F and f o r  t imes  of 5, 10 ,  and 30 seconds .  Thermal 
c y c l i n g  t e s t s  were  t h e n  conducted and t h e  r e s u l t s  show no s i g n i f i -  
c a n t  d i f f e r e n c e s .  Also ,  t h e r e  were no s i g n i f i c a n t  d i f f e r e n c e s  be- 
tween d i p  s o l d e r e d ,  wave s o l d e r e d ,  and hand-soldered j o i n t s .  
When a  c r a c k  i s  produced i n  a  s o l d e r  j o i n t ,  m e t a l l o g r a p h i c  exami- 
n a t i o n s  showed t h a t  t h e  f a i l u r e  began and p ropaga ted  i n  t h e  s o l d e r  
m a t r i x ,  and t h e  s o l d e r  remained bonded t o  t h e  s u r f a c e s ,  except  i n  
a  few c a s e s  which were  found t o  b e  l e a d  p r e p a r a t i o n  problems. 
Westinghouse concluded t h a t  t h e  f a i l u r e s  were o c c u r r i n g  i n  t h e  s o l -  
d e r  and t h e  p r o p e r l y  execu ted  p r a c t i c e s  i n  r e g a r d  t o  f l u x e s ,  s o l -  
d e r s ,  t e m p e r a t u r e ,  t i m e ,  and s o l d e r a b i l i t y  of l e a d  m a t e r i a l s  a s  
c a l l e d  o u t  i n  NHBj5300.4 ( f o r m e r l y  NASA 200-4) g i v e s  s o l d e r  j o i n t s  
which w i l l  n o t  f a i l  a t  t h e  i n t e r f a c e .  
The amount of s o l d e r  i n  t h e  j o i n t  was found t o  have a  most  s i g n i -  
f i c a n t  r e d u c t i o n  on c r a c k i n g  r a t e ,  a s  d e s c r i b e d  i n  t h e  n e x t  para-  
graph.  
6) Ef fec t  of Amount of Solder - F i g u r e  17  from Refe rence  15 ,  il- 
l u s t r a t e s  t h e  marked improvement r e s u l t i n g  from i n c r e a s i n g  t h e  
amount of s o l d e r  on t h e  j o i n t .  T h i s  t e s t  was conducted on nine-  
p i n  modules s o l d e r e d  i n t o  a  s i n g l e  s i d e d  board  w i t h  a  0.008 i n c h  
c l e a r a n c e  which was b r idged  by PC 2 2 p o l y u r e t h a n e  conformal  c o a t i n g .  
With hand s o l d e r i n g ,  t h e  amount of s o l d e r  can  be  r e a s o n a b l e  con- 
t r o l l e d .  However, a s  t h e  amount of s o l d e r  i n c r e a s e s  beyond t h a t  
amount n e c e s s a r y  t o  g i v e  a con tour  j o i n t ,  a s  s p e c i f i e d  i n  NHB 
5300.4,  t h e  p o s s i b i l i t y  of a n  o p e r a t o r  p i l i n g  s o l d e r  on a  nonwetted 
j o i n t  becomes a  concern .  P roper  t r a i n i n g  of o p e r a t o r s  t o  a s s u r e  
t h a t  they  o b s e r v e  w e t t i n g  of s u r f a c e s  b e f o r e  add ing  a d d i t i o n a l  s o l -  
d e r  becomes impor tan t .  Also ,  Westinghouse concluded t h e  a s s u r a n c e  
of p r o p e r l y  p repared  s u r f a c e s  s o  t h a t  w e t t i n g  o r  a l l o y i n g  can t a k e  
p l a c e  i s  a  must .  A p roper  g u i d e l i n e  i s  t o  u s e  t h e  maximum a l l o w a b l e  
s o l d e r  p e r m i t t e d  by NHB 5300.4 p r o v i d i n g  t h a t  t h i s  approach i s  n o t  
cons ide red  o r  used a s  a  s u b s t i t u t e  f o r  s t r e s s  r e l i e f  t e c h n i q u e s .  
7) Effect  of Solder Joint  Geometry - The r e s i s t a n c e  t o  c r a c k i n g  
is  i n f l u e n c e d  by t h e  s t r e n g t h  of t h e  s o l d e r  j o i n t ,  and s p e c i f i c a l l y  
t h e  a r e a  of t h e  s h e a r  p l a n e s  through a  c r o s s - s e c t i o n  of t h e  j o i n t .  
To i n s u r e  good s h e a r  s t r e n g t h ,  geomet r i c  f a c t o r s  such  a s  t h e  l e a d  
d i a m e t e r ,  h o l e  d i a m e t e r ,  and t h e  d i s t a n c e  t h a t  s t u d  t y p e  l e a d s  pro- 
j e c t  above t h e  p r i n t e d  c i r c u i t  board  a r e  i m p o r t a n t .  A complete  
t r e a t i s e  on t h i s  s u b j e c t  i s  p r e s e n t e d  i n  Refe rence  15 .  The c r i -  
t e r i a  of F i g u r e s  1 0  through 1 3  a d d r e s s  t h i s  i m p o r t a n t  f a c t o r .  
8 )  Effect  of Platsd-Through-Holes - I n  a  p la ted- th rough-ho le ,  as 
compared w i t h  a  b a r e  h o l e ,  t h e  s o l d e r  f lows  i n t o  t h e  h o l e  and pro- 
v i d e s  a  s o l d e r  j o i n t  w i t h  s u b s t a n t i a l l y  i n c r e a s e d  s h e a r  s t r e n g t h .  
The u s e  of p la ted- th rough-ho les  a s  a  s o l d e r  j o i n t  r e i n f o r c e m e n t  
t e c h n i q u e  i s  h i g h l y  recommended. The s u p e r i o r i t y  of t h e  p l a t e d -  
through-hole  i s  shown by F i g u r e  18 from t h e  Westinghouse d a t a  of 
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Figure 17 E f fec t  of Solder Amount on Cracking Rate (Ref 151 
R e f e r e n c e  1 5 .  T h i s  da t a  a l s o  s l ~ o w s  that t h e  t h i c k e r  b o a r d  was ad- 
v a n t a g e o u s .  MSFC-STD-136 e n c o u r a g e s  t h e  u s e  of  p l a t e d - t h r o u g h -  
h o l e s  b u t  c a u t i o n s  t h a t  t h i s  method of  j o i n t  r e i n f o r c e m e n t  i s  i n -  
s i g n i f i c a n t  f o r  b o a r d s  0.032 i n c h  t h i c k  o r  less.  
I t  s h o u l d  a l s o  b e  s t a t e d  t h a t  s i n c e  t h e  h i g h  e x p a n s i o n  of  PC b o a r d s  
i n  t h e  v e r t i c a l  a x i s  i s  a  p r imary  s o u r c e  of  s tress,  t h e  u s e  of  
t h i c k e r  PC b o a r d s  w i t h  b a r e  h o l e s  c a n  a g g r a v a t e  a  s o l d e r  j o i n t  pro-  
blem. T h i s ,  however,  becomes somewhat academic  i f  t h e  p r o p e r  t e c h -  
n i q u e s  of  s tress r e l i e f  a re  employed. 
9) Ef fec t  of Typs of Parts - The ma jo r  problems of  s o l d e r  j o i n t  
c r a c k i n g  have  been  e n c o u n t e r e d  w i t h  t r a n s i s t o r s  and l a r g e r  p a r t s  
s u c h  a s  modules  and r e l a y s .  The most  s e r i o u s  t r a n s i s t o r  problems 
h a v e  been  t h e  r e s u l t  of  s e v e r a l  f a c t o r s  working  i n  c o m b i n a t i o n s :  
The low e x p a n s i o n  of  Kovar ,  t h e  u s e  of t a l l  s p a c e r s  w i t h  a h i g h  
c o e f f i c i e n t  of  t h e r m a l  e x p a n s i o n ,  t h e  u s e  of  b a r e - h o l e  PC b o a r d s ,  
and t h e  u s e  of  heavy c o a t s  of c o n f o r m a l  c o a t i n g .  T h i s  c o m b i n a t i o n  
is  a b s o l u t e l y  c a t a s t r o p h i c  t o  s o l d e r  j o i n t s  and c r a c k i n g  may oc- 
c u r  i n  a  v e r y  few t e m p e r a t u r e  c y c l e s .  
With l a r g e  modu les ,  t h e  l e a d s  a r e  sometimes n o t  ammenable t o  
e a s y  s t r e s s  r e l i e f  s o l u t i o n s  and ,  i n  a d d i t i o n a l ,  l o a d s  a r e  i m -  
posed  on s o l d e r  j o i n t s  f rom Lateral e x p a n s i o n  and c o n t r a c t i o n  ef- 
f e c t s  a s  w e l l  a s  t h e  v e r t i c a l  l o a d s .  
20)  E f f s c t  of ConforrnaZ Coating - T h i s  s u b j e c t  i s  d i s c u s s e d  i n  a 
f o l l o w i n g  s e c t i o n  o f  t h i s  r e p o r t .  Minimum t h i c k n e s s  s h o u l d  be  
used .  I n  p a r t i c u l a r ,  t h e  b r i d g i n g  of  con fo rma l  c o a t i n g  be tween 
f l a t  bo t tom.componen t s  and t h e  PC boa rd  must  be  a v o i d e d  u n l e s s  t h e  
p a r t i c u l a r  s t r a i n  r e l i e f  t e c h n i q u e  removes a l l  s t r e s s  f rom t h e  
s o l d e r  j o i n t s  i n  s p i t e  of  t h e  v e r y  a d v e r s e  e f f e c t s  o f  s u c h  b r i d g i n g .  
A l s o ,  b r i d g i n g  c a n  a c t u a l l y  b r e a k  weak ce ramic  o r  g l a s s  p a r t s  s u c h  
a s  ce ramic  d u a l - i n - l i n e  i n t e g r a t e d  c i r c u i t s .  
2 2 )  Spacers and liesilien-t- Pads - R i g i d  s p a c e r s  unde r  t r a n s i s t o r s  
c o n t r i b u t e  t o  s o l d e r  j o i n t  s t r e s s  when l e a d  s t r e s s  r e l i e f  bends  
a r e  n o t  employed. Some problems have  been  s o l v e d  w i t h  r e s i l i e n t  
s p a c e r s  o r  pads .  When employing t h i s  s o l u t i o n ,  a  m a t e r i a l  must  b e  
s e l e c t e d  t h a t  r e t a i n s  i t s  r e s i l i e n c y  a t  low t e m p e r a t u r e s  and i s  
a c c e p t a b l e  i n  t h e  a p p l i c a b l e  v i b r a t i o n  env i ronmen t .  R e f e r e n c e  1 7  
c o n c l u d e s  t h a t  r e s i l i e n t  s p a c e r s  unde r  t r a n s i s t o r s  s h o u l d  have  a 
S h o r e  Hardness  of  below 45  on t h e  A s c a l e ,  and t h a t  l a r g e r  p a r t s  
s h o u l d  have  s o f t e r  s p a c e r s .  
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Figure 18 Comparison of  Plated-Through-Holes 
and Single-Sided Boards (Ref 1 5 )  
3 .  Summary 
The m a j o r i t y  of cracked s o l d e r  j o i n t  problems a r e  caused by e x t e r n a l  
s t r e s s  on s o l d e r  j o i n t s  r e s u l t i n g  from i n a d e q u a t e  s t r e s s  r e l i e f  i n  
t h e  d e s i g n ,  r a t h e r  t h a n  d e f e c t s  i n  t h e  o r i g i n a l  s o l d e r  j o i n t  it- 
s e l f .  T r a n s i s t o r s  (Kovar l e a d s )  and l a r g e  modules r e p r e s e n t  t h e  
g r e a t e s t  t h r e a t s .  The problem cannot  b e  a d e q u a t e l y  so lved  by t h e  
s e l e c t i o n  of t h e  s o l d e r  a l l o y ,  o r  improvement of s o l d e r i n g  tech- 
n ique ,  b u t  must b e  s o l v e d  by employing stress r e l i e f  f e a t u r e s  i n  
t h e  d e s i g n  such  a s  t h o s e  s p e c i f i e d  i n  MSFC-STD-136. The problem 
can b e  a l l e v i a t e d  by t h e  u s e  of f l e x i b l e  p a r t  l e a d s ,  a s  opposed 
t o  heavy r i g i d  l e a d s ;  by u s i n g  t h e  maximum p e r m i s s i b l e  amount of 
s o l d e r ;  and by u s i n g  p la ted- th rough-ho les ,  s i n c e  t h e s e  p r o v i d e  a  
s i g n i f i c a n t l y  s t r o n g e r  s o l d e r  j o i n t .  V e r i f i c a t i o n  of t h e  packaging 
d e s i g n  shou ld  be accomplished on e a r l y  p r o t o t y p e s  o r  on t e s t  sam- 
p l e s  r e p r e s e n t a t i v e  of t h e  packaging d e s i g n ,  by s u b j e c t i n g  t h e  
hardware t o  t empera tu re  c y c l i n g  between -55°C and 100°C, and in-  
s p e c t i n g  f o r  cracked s o l d e r  j o i n t s .  The nominal v a l u e  of 200 cyc- 
l e s  r e q u i r e d  by MSFC-STD-136 is  recommended, a l t h o u g h  a c t u a l  m i s -  
s i o n  o r  program requ i rements  should  be  reviewed t o  de te rmine  i f  
t h i s  v a l u e  shou ld  be a d j u s t e d .  I t  shou ld  be  remembered t h a t  equip- 
ment (on e a r t h )  n o t  s t o r e d  i n  a  t empera tu re  c o n t r o l l e d  environment 
may e x p e r i e n c e  a  d a i l y  t empera tu re  c y c l e  of 1 5  t o  20°C, and could  
a c q u i r e  1826 c y c l e s  i n  5  y e a r s .  
P r e c i s e  d a t a  c o r r e l a t i n g  t h e  s e v e r i t y  of a c t u a l  i n - s e r v i c e  temper- 
a t u r e  c y c l i n g  w i t h  t h e  s e v e r i t y  of a c c e l e r a t e d  t empera tu re  c y c l i n g  
could  n o t  be  i d e n t i f i e d  i n  t h i s  s t u d y ,  b u t  i t  seems r e a s o n a b l e  t h a t  
a  15OC tempera tu re  e x c u r s i o n  would b e  about  one- tenth  o r  more 
p robab ly ,  l e s s  t h a n  one- tenth  a s  s e v e r e  a s  t h e  155OC tempera tu re  
e x c u r s i o n  s p e c i f i e d  by MSFC-STD-136. On t h i s  premise ,  1826 d a i l y  
t empera tu re  c y c l e s  over  a  f i v e  y e a r  p e r i o d  would e q u a t e  t o  abou t  
183 a c c e l e r a t e d  c y c l e s .  Th i s  c o n c l u s i o n  i s  i n  rough agreement 
( b u t  on t h e  c o n s e r v a t i v e  s i d e )  w i t h  t h e  I B M  work r e p o r t e d  i n  Ref- 
e r e n c e  18.  Th is  r e p o r t  concluded, from a c t u a l  f i e d d  f a i l u r e  d a t a ,  
t h a t  46  a c c e l e r a t e d  c y c l e s  from -20' t o  85OC was e q u i v a l e n t  t o  2  
y e a r s  of f i e l d  s e r v i c e  l i f e .  I t  shou ld  a l s o  b e  remembered t h a t  t h e  
t empera tu re  environment i n  s p a c e c r a f t ,  i n  o r b i t  i s  o f t e n  more be- 
n i g n  and c o n s t a n t  t h a n  w h i l e  t h e  same equipment i s  on t h e  e a r t h .  
However, i t  i s  impor tan t  t h a t  t h e  equipment n o t  have cracked s o l d e r  
j o i n t s  a t  t h e  t ime  of i n s e r t i o n  i n t o  o r b i t ,  and t h e r e f o r e  t h e  above 
g u i d e l i n e s  a r e  s t i l l  a p p l i c a b l e  even though t h e  o r b i t a l  environ-  
ment i s  benign.  
1. I n t r o d u c t i o n  
The u s e  of conformal c o a t i n g s  on l o n g - l i f e  hardware f o r  environ-  
menta l  p r o t e c t i o n  and mechanical  suppor t  i s  g e n e r a l l y  s t i l l  a  v a l i d  
d e s i g n  requ i rement ;  however, exper ience  on p r e s e n t  programs h a s  
i d e n t i f i e d  problems s o  s e r i o u s  a s  t o  c a u s e  c o n s i d e r a t i o n  of i t s  
e l i m i n a t i o n .  These problems concern p r i m a r i l y  t h e r m a l l y  induced 
s t r e s s e s  on p a r t s  and i n t e r c o n n e c t i o n s .  It h a s  been e s t a b l i s h e d  
t h a t  t h e  major  c a u s e  of s o l d e r  j o i n t  f a i l u r e s  i s  the rmal  f a t i g u e  
due t o  s t r e s s e s  induced by t h e  d i f f e r e n c e s  i n  the rmal  expansion 
o f  t h e  m a t e r i a l s  i n  a s o l d e r  j o i n t  c o n f i g u r a t i o n ;  i . e . ,  p r i n t e d  
c i r c u i t  board ,  conformal c o a t i n g ;  p a r t  l e a d ,  p a r t  body, s o l d e r ,  
e t c .  Conformal c o a t i n g ,  e s p e c i a l l y  i f  improper ly  used ,  can be a 
g r e a t  c o n t r i b u t o r  t o  s o l d e r  j o i n t  s t r e s s e s ,  as w e l l  as t o  p a r t  
s t r e s s e s  and breakage.  
2 .  L i f e  L i m i t i n g  Problems and S o l u t i o n s  
a.  Part Stressing - Numerous s t u d i e s  have d e a l t  w i t h  t h e  problems 
of conformal c o a t i n g  induced s t r e s s e s  on p a r t  bod ies  c a u s i n g  brealc- 
age  of b r i t t l e  ceramic  o r g l a s s p a r t s ,  such a s  g l a s s  d i o d e s .  These 
s t u d i e s  have e s t a b l i s h e d  t h e  major c a u s e  t o  be  t h e r m a l l y  induced 
bending s t r e s s e s  on t h e  p a r t  body due t o  heavy a p p l i c a t i o n ,  uneven 
a p p l i c a t i o n ,  heavy f i l l e t s  o f  conformal c o a t i n g  around t h e  p a r t  
body, o r  b r i d g i n g  under t h e  p a r t  body. 
An example of t h e  a d v e r s e  e f f e c t s  of b r i d g i n g  of conformal c o a t i n g  
was encountered on t h e  Skylab program w i t h  ceramic  d u a l  i n - l i n e  
i n t e g r a t e d  c i r c u i t s .  During t empera tu re  t e s t i n g  i t  was observed 
t h a t  t h e  g l a s s  f r i t  bond between t h e  two h a l v e s  of t h e  package 
developed c r a c k s .  F u r t h e r  t e s t i n g  showed t h a t  d e v i c e s  from a l l  
manufac tu re r s  t e s t e d  were a f f e c t e d  i n  t h i s  manner and t h a t  b r i d g i n g  
o f  conformal c o a t i n g  under t h e  d e v i c e s  w a s  a  p r i n c i p l e  c o n t r i b u t o r  
t o  t h e  c r a c k i n g .  It was n e c e s s a r y  t o  r e p l a c e  many cracked d e v i c e s  
and i n s t a l l  t h e  new d e v i c e s  wi thou t  b r i d g i n g  of t h e  conformal 
c o a t i n g .  
Manufacturers  have minimized t h e s e  problems by: 
1) The p r o t e c t i o n  o f  f r a g i l e  p a r t s  such a s  g l a s s  d i o d e s  by f l e x i -  
b l e  p l a s t i c  tub ing  o r  h e a t  s h r i n k a b l e  s l e e v i n g  such a s  poly- 
e t h y l e n e  t e r e p h a l a t e ,  covered by MIL-I-2305317. Also,  a  s o f t  
f l e x i b l e  c o a t i n g  i s  sometimes a p p l i e d  p r i o r  t o  t h e  conformal 
c o a t i n g .  Th is  t e c h n i q u e  h a s  been used when heavy, r i g i d  con- 
fo rmal  c o a t i n g s  a r e  used.  However, heavy r i g i d  c o a t i n g s  shou ld  
n o t  be used.  
The u s e  of f l e x i b l e  conformal c o a t i n g s  and t h e  u s e  s f  a p p l i c a -  
t i o n  t e c h n i q u e s  t o  p rov ide  t h e i r  uniform t h i c k n e s s e s  w i t h  mini-  
mum f i l l e t s  around p a r t  b o d i e s ,  and w i t h  no b r i d g i n g  under f l a t  
bottom components. The f l e x i b l e  po lyure thane ,  such a s  PR1538 
and S o l i t h a n e  113 ,  a p p l i e d  by s p r a y ,  s p i n  and c u r e  t e c h n i q u e s  
a r e  examples of t h i s  s o l u t i o n .  Th is  t e c h n i q u e  i s  recommended 
where b o t h  environmental  p r o t e c t i o n  and mechanical  suppor t  
a r e  r e q u i r e d .  
3 )  The development of v e r y  t h i n ,  d e p o s i t e d  c o a t i n g s  such a s  
P a r y l e n e  C ,  which r e s u l t  i n  n e g l i g i b l e  thermal  s t r e s s e s  d u r i n g  
the rmal  c y c l i n g .  However, t h i s  t y p e  of c o a t i n g  i s  expens ive  
and p r o v i d e s  no mechanical  s u p p o r t .  However, i t  can be ap- 
p l i e d  t o  a  board ,  and t h e n  fol lowed by a  t h i n  f l e x i b l e  poly- 
u r e t h a n e  c o a t i n g  f o r  mechanical  s u p p o r t .  
b. Solder Joint Cracking - Many i n v e s t i g a t i o n s  (two of which a r e  
summarized) show an  i n c r e a s e  i n  s o l d e r  j o i n t  f a i l u r e s  when con- 
fo rmal  c o a t i n g  i s  en t rapped  between a  p a r t  body and s o l d e r  j o i n t s  
on  p r i n t e d  c i r c u i t  boards .  
The Westinghouse s t u d y  (Reference 1 5 )  showed t h a t  a l l  c o a t i n g s  
t e s t e d  caused a  d e c r e a s e  i n  t h e  number of the rmal  c y c l e s  t o  
100% f a i l u r e  over  uncoated boards  when t h e  c o a t i n g  was a l lowed 
t o  b r i d g e  o r  f i l l  t h e  gap between t h e  t e s t  module and t h e  PCB 
s o l d e r  j o i n t .  The t e s t  modules were one i n c h  s q u a r e  w i t h  
n i n e  l e a d s  s o l d e r e d  d i r e c t l y  through t h e  p r i n t e d  c i r c u i t  
board.  F i g u r e  1 9  p l o t s  a  comparison of t h e  r e s u l t s  from a n  
uncoated assembly w i t h  t h r e e  assembl ies  where t h e  module was 
b r i d g e d  w i t h  a  po lyure thane  (PC-22), a  f i l l e d  po lyure thane ,  
and RTV 3140. Th is  comparison i n d i c a t e s  t h e  c a t a s t r o p h i c  e f f e c t  
of t h e  entrapment  of conformal c o a t i n g  between p a r t  body and 
p r i n t e d  c i r c u i t  board.  
2 )  A r e p o r t  by Teledyne Ryan A e r o n a u t i c a l  (Reference 21) p r e s e n t s  
a  v e r y  comprehensive i n v e s t i g a t i o n  of s o l d e r  j o i n t  s t r e s s i n g  
and t h e  r o l e  p layed by conformal  c o a t i n g ,  Th is  i n v e s t i g a t i o n  
w a s  i n i t i a t e d  by a  s o l d e r  j o i n t  f a i l u r e  on t h e  Apollo LM 
Landing Radar.  Exhaus t ive  i n v e s t i g a t i o n s ,  b o t h  t h e o r e t i c a l  
and exper imenta l  were conducted,  The s o l d e r  j o i n t  f a i l u r e  
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Figure 19 E f fec t  of various Conformal Coatings on soldered Joint  Cracking 
Rate (Coatings Complete l y  Under Modules 1 (Reference 1 5 1  
was caused by t h e  b r i d g i n g  of po lyure thane  conformal c o a t i n g  
between a n  1 . C .  c a r r i e r  and t h e  p r i n t e d  c i r c u i t  board.  F i g u r e s  
20 t h r o u g h  22 show t h e  e f f e c t  of t h e  conformal  c o a t i n g  on 
s o l d e r  j o i n t  l o a d s .  I n t e n s i v e  s t u d i e s  made t o  f i n d  a  method 
of removing t h e  conformal  c o a t i n g  concluded t h a t  no a c c e p t -  
a b l e  method e x i s t e d ,  S t u d i e s  of s o l d e r  j o i n t  s t r e n g t h e n i n g  
t e c h n i q u e s  were performed. F i n a l  t r ade-of f  s t u d i e s  on whether  
t o  rework o r  b u i l d  new a s s e m b l i e s  f o r  u n i t s  n o t  completed re- 
s u l t e d  i n  t h e  d e c i s i o n  t o  b u i l d  new a s s e m b l i e s ,  
c. Coating Coverage - Conformal c o a t i n g s  as used i n  ae rospace  
e l e c t r o n i c s  a r e  g e n e r a l l y  e p o x i e s  o r  p o l y u r e t h a n e s  conforming t o  
MSFC-PROC-257A o r  293A, o r  MIL-I-46508A a p p l i e d  s o  as t o  conform 
t o  t h e  con tour  of t h e  assembly be ing  c o a t e d .  There g e n e r a l l y  
e x i s t s  a s p e c i f i c a t i o n  requirement  f o r  100% coverage of a l l  s u r -  
f a c e s ;  however, wi thou t  e x c e s s i v e  c o a t i n g  t h i c k n e s s ,  o r  s p o t  
bui ld-up,  a c t u a l  complete coverage of t h e  u n d e r s i d e  of l e a d s ,  o r  
h igh  p o i n t s ,  i s  seldom accomplished i n  p roduc t ion .  Table  5 i s  
an assessment  of t y p i c a l  conformal c o a t i n g  coverage from a  Hughes 
A i r c r a f t  Company r e p o r t  (Reference 22) .  Th i s  r e p o r t  concludes  
t h a t  c o n v e n t i o n a l l y  a p p l i e d  epoxy o r  po lyure thane  c o a t i n g s  do 
no t  p rov ide  t h e  complete coverage r e q u i r e d  f o r  u l t r a  h i g h  r e l i -  
a b i l i t y  humidi ty  p r o t e c t i o n  wi thou t  t h e  u n d e s i r a b l e  c o a t i n g  t h i c k -  
n e s s  d i s c u s s e d  p r e v i o u s l y .  It can be  concluded t h a t  when h i g h  
r e s i s t i v i t y  ( 1 0 l 0  ohms and above) under humidi ty  i s  r e q u i r e d  f o r  
l o n g - l i f e  hardware ,  t h e  conven t iona l  epox ies  and po lyure thanes  
a r e  n o t  adequa te .  A t h i n  ( .001 i n c h  and l e s s )  c o a t i n g  w i t h  com- 
p l e t e  coverage of t h e  d e p o s i t e d  P a r y l e n e  C t y p e  must be developed 
and used.  I n  a d d i t i o n ,  t h e  expense and l a c k  of mechanical  sup- 
p o r t  of t h e s e  t h i n  c o a t i n g s  r e q u i r e  t h a t  more s e r i o u s  c o n s i d e r a t i o n  
must be  g i v e n  t o  t h e  a c t u a l  environmental  r equ i rements  of t h e  
d e s i g n  b e f o r e  100% coverage i s  s p e c i f i e d .  I f  t h e  d e s i g n  r e q u i r e s  
b o t h  100% c o a t i n g  coverage and mechanical  s u p p o r t ,  a composi te  o f  
a  d e p o s i t e d  and c o n v e n t i o n a l  po lyure thane  must be  developed and 
used.  
3 .  Summary 
Conformal c o a t i n g ,  n e c e s s a r y  f o r  environmental  p r o t e c t i o n  and 
mechanical  s u p p o r t  on l o n g - l i f e  hardware,  i s  a  major c a u s e  of b o t h  
p a r t  and i n t e r c o n n e c t i o n  f a i l u r e  when n o t  p r o p e r l y  s e l e c t e d  and 
a p p l i e d .  The f o l l o w i n g  g u i d e l i n e s  should be of major c o n s i d e r a t i o n  
i n  t h e  d e s i g n  of l o n g - l i f e  hardware:  
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Table 5 Degree of Circui try  Coverage Provided b y  ConfomaZ Coatings, i n  Percent 
of Items Coated 
P r i n t e d  P o i n t s  S u r v i v a l  
C i r c u i t  So lder  ( C i r c u i t r y  
Thickness  85 
0.002 Inch 
Thickness  100 
0.005 Inch 
Thickness  100 
a. Coating Coverage - Careful consideration of the electrical 
and environmental requirements of the system must be given to 
determine the actual need for 100% coverage of the assembly. I f  
the actual operating conditions of the equipment require very 
high resistivity, under adverse humidity conditions, then 100% 
coverage provided by a deposited coating of the Parylene C type 
is recommended. Otherwise, the coating provided by a sprayed and 
spun flexible polyurethane should be adequate. Where mechanical 
support, as well as ultra humidity protection is required, a 1 
to 2-mil sprayed flexible polyurethane over the deposited coating 
is recommended. 
b. Coating Thickness - The minimum thickness for mechanical sup- 
port is recommended. Flexible polyurethane coatings less than 4 
mils in thickness with no entrapment of coating under part bodies 
and minimum fillets is recommended, except as discussed where 
maximum humidity protection is necessary. 
c .  Coating AppZication - Application of the coating by spraying 
and spinning to prevent fillet build-up as the coating tends to 
flow down and around the part is recommended. The coating must 
be applied in a manner to prevent bridging under slot components 
such as multi-pin modules. Fragile glass and ceramic parts require 
sleeving prior to coating. 
ENCAPSULATED MODULES 
Introduction 
The vibration, shock, or acceleration capability of electronic 
hardware can be substantially increased by encapsulating the parts, 
usually with an epoxy or a polyurethane potting material. However, 
the potting system must be selected with the utmost care to pre- 
vent failures from the high internal stresses resulting from tem- 
perature changes. This section summarizes nine investigations 
and develops guidelines for encapsulated modules. 
2. Life Limiting Problems and Solutions 
a. Abstracts o f  Source Data 
1) An investigation reported by Herbert Dorfman (Ref 23) clearly 
establishes the profound influence of the potting material on elec- 
trical connections in an environment of temperature cycling. In 
this investigation, a matrix of Bumet wire and nickel ribbon were 
welded to intentionally produce weak welds of 5.4 and 7.7 lb. 
These welded assemblies were flow-coated with a flexible epoxy, 
cured and then encapsulated with five different potting compounds, 
with the properties shown in Table 6. The modules were then sub- 
jected to LO temperature cycles from -30°F to Sl65"F. 
The results, shown in Table 6 show that the filled and unfilled 
epoxy potting produced many weld failures. The microballoon 
filled epoxy and the 10-lb polyurethane foam markedly lowered the 
incidence of weld failures and the 2-lb polyurethane foam pro- 
duced no weld failures, even though the welds were weak. It was 
also determined that the weld failure rate depended on the spac- 
ing between the welds; the higher the spacing.the greater the 
failure rate, 
2) The microtransducer developed by LMSC to measure external 
stresses in encapsulated modules reveals, per Ref 24, the tempera- 
ture induced stresses in a number of encapsulants. Samples of 
material were thermally cycled from -55°C to +lOO°C allowing the 
sample to stabilize before recording each reading, Figure 23 il- 
lustrates the variation and magnitude of the stress transition 
associated with these encapsulants. 
Table 6 IkZd Failures Due Lo ii'emperattlre C'yc Ling 
(a) Material Characteristics 
(Range R.T. to 150°F 
Unfilled Epoxy 
Polyurethane Foam 0.14 to 0.20 x ~ o - ~ / O F  
(10-lblcu ft density) 
Polyurethane Foam 
(2-lb/cu ft density) 
(b) Summary of Failures 
Filled Epoxy (Pigmented 
Unfilled Epoxy 
Polyurethane Foam 
(10-1b/cu f t  density) 
Polyurethane Foam 
TKANSDUCEK 
IMBEDDED 
AMBIEUT TEMPELATURL - OC 
Figure 23 Stress Characteristics of EncapsuZants 
(Ref 24) 
The stress transition temperature range for Epocast H-2E-011 is 
between 90°C and 50°C. For Epocast H-2E-012, a rigid encapsula- 
tion, the internal stresses increase 30 times. The structural 
characteristics of Epocast H-2E-037 remain quite constant and 
high in the temperature range above -tlO°C. 3M/241 Scotchcast re- 
flects a 15 times increase in internal stress, No stress transi- 
tion was found in Eccofoam FPH-276, thereby showing its use to 
isolate electronic components from the stress characteristics of 
rigid and semiflexible encapsulants. The effects of coating a 
component w i th  an isolation material prior to encapsu l a t i on  i n  a 
semiflexible encapsulant resulted in a slight shift in the transi- 
tion range. This data raises the question as to the value of 
isolation coatings on components encapsulated in semiflexible 
materials. 
The large change in internal stresses that occurs within a small 
ambient temperature range, indicated by the microtransducer meas- 
urements, can result in degradation of electronic circuit perfor- 
mance if the change in the parameters of pressure sensitive com- 
ponents cannot be tolerated. 
3) A paper by C. E. Brown (Ref 25) stated that modules consisting 
of hybrid circuit assemblies, power transistors, a printed circuit 
card, and a motherboard, were encapsulated with a semiflexible 
epoxy to offer structural support yet permit necessary thermal 
expansions andcontractions of the components. 
This module form was subjected to a 16-cycle thermal test with 
each cycle consisting of a 30-minute exposure at +150°C followed 
by the same exposure at -65OC. Following this test, problem 
areas were noted with solder cracks, encapsulant softening, and 
ballooning effects in the encapsulation material. 
The encapsulant (3M CRP-241) was too soft at temperatures above 
+125'C for use around output pins. Solder cracks resulted from 
thermal stresses due to insufficient relief provisions. The 
ballooning effects in the semiflexible epoxy resulted from too 
thick an application of silicone rubber on the module prior to 
its encapsulation. 
Corrective measures included looping the interconnection leads 
and using a light coating of silicone rubber on all stress re- 
lief points without causing the module case to balloon, Subse- 
quent testing evidenced lack of further problems incorporating 
these measures plus output pins, tinned instead of gold plated, 
and soldered on the underneath side of the motherboard. Also, 
the shoulder of the pins was encapsulated in a rigid header of 
2850 GT epoxy and the remainder of the module was encapsulated 
with semiflexible epoxy. 
The redesigned modules revealed no discrepancies after being ex- 
posed to 48 thermal cycles. 
4)  A r e p o r t  by C a r t e r  and Burkhardt  (Ref 26) d e s c r i b e s  a problem 
c u r r e n t l y  under  i n v e s t i g a t i o n  by Sandia  C o r p o r a t i o n .  On one pro- 
gram, Sandia  e n c a p s u l a t e s  P.C. boards  w i t h  a g l a s s  mic roba l loon  
f i l l e d  epoxy. However, p r i o r  t o  e n c a p s u l a t i o n ,  t h e  b o a r d s ,  w i t h  
p a r t s ,  a r e  f i r s t  p r e c o a t e d  w i t h  a  s e m i f l e x i b l e  p o l y u r e t h a n e  t o  
p r o v i d e  h i g h e r  i n s u l a t i o n  r e s i s t a n c e  and t o  r e d u c e  e l e c t r i c a l  
performance s h i f t s  due t o  p o t t i n g  p r e s s u r e s  on t h e  p a r t s .  A 
s o l d e r  j o i n t  f a i l u r e  was encountered and i t  was p o s t u l a t e d  t h a t  
t h e  problem might b e  s o l v e d  by c o a t i n g  o n l y  t h e  p a r t s  and t h e n  
s o l d e r i n g  t h e  p a r t s  t o  t h e  boards .  The test  program conducted 
t o  i n v e s t i g a t e  t h i s  is  d e s c r i b e d :  
Three  samples  of each of t h r e e  d i f f e r e n t  c o n f i g u r a t i o n s  of PC 
b o a r d s  were f a b r i c a t e d  and s u b j e c t e d  t o  40 t e m p e r a t u r e  c y c l e s  
between -40°F and 160°F. The t h r e e  c o n f i g u r a t i o n s  a r e  d e s c r i b e d .  
a )  D i r e c t  e n c a p s u l a t i o n  - The component p a r t s  were s o l d e r e d  t o  
t h e  PC b o a r d ,  c l e a n e d ,  e n c a p s u l a t e d ,  and cured a t  150°F f o r  
24 h o u r s .  
b )  T o t a l  d i p  - The component p a r t s  were s o l d e r e d  t o  t h e  PC board 
and t h e n  t h e  e n t i r e  sys tem was c l e a n e d ,  d i p  coa ted  i n  t h e  
p o l y u r e t h a n e  and cured  a t  160°F f o r  24 h o u r s ,  e n c a p s u l a t e d  
and cured  a t  150°F f o r  24 h o u r s .  
c )  Custom d i p  - The component p a r t s  were c leaned  and i n d i v i d u -  
a l l y  d ip -coa ted  i n  t h e  po lyure thane  and cured  a t  160°F f o r  
24 h o u r s .  The components were t h e n  s o l d e r e d  t o  t h e  PC board ,  
c l e a n e d ,  e n c a p s u l a t e d  and cured a t  150°F f o r  24 h o u r s .  
The test r e s u l t s ,  summarized i n  Tab le  7 ,  show t h a t  t h e  a d d i t i o n  
of t h e  p o l y u r e t h a n e  p r e c o a t  s e r i o u s l y  aggrava ted  t h e  s o l d e r  j o i n t  
problem, and t h a t  p r e c o a t i n g  t h e  p a r t s ,  o n l y ,  reduced t h e  e l e c -  
t r i c a l  performance problem t o  a l e v e l  below t h a t  of t h e  d i r e c t l y  
e n c a p s u l a t e d  p a r t s ,  b u t  t h e  s o l d e r  c r a c k i n g  problem was much worse 
t h a n  t h e  d i r e c t l y  e n c a p s u l a t e d  hardware.  Sandia  i s  c o n t i n u i n g  
t h e i r  t e s t i n g  t o  de te rmine  t h e  e f f e c t s  of l e a d  s t r e s s  r e l i e f ,  
spongy p r e c o a t s ,  and o t h e r  f a c t o r s .  
T h i s  c a s e  h i s t o r y  i l l u s t r a t e s  t h e  v e r y  i n s i d i o u s  n a t u r e  of embed- 
ment problems and emphasizes t h a t  t h e  v e r i f i c a t i o n  of t h e  pack- 
a g i n g  by t empera tu re  c y c l i n g  is  t h e  o n l y  c e r t a i n  method of prov- 
i n g  o u t  a  packaging d e s i g n ,  
Table 7 EncapsuZation/ThemilaZ Cycle  Test  ResuZts 
1 serious abnormality 
5) A report by L. H. Fanelli (Ref 27) describes a problem with 
the F-111 power supply. The failure was an intermittent open 
circuit traced to the capacitor in a potted cordwood module, 
Nineteen of 24 solder joints were found cracked in a module cured 
at 266°F and 12 out of 24 cracked in a module cured at 165°F. 
Investigation determined the cracks to be caused by stresses in 
the solder joint which exceeded the strength of the solder. 
Stresses were developed by the differences in thermal expansion 
of the epoxy and capacitor leads upon cooling during the potting 
cycle and subsequent thermal cycling. 
Evaluation indicated two approaches to the problem solution, low- 
ering the elastic modulus of the potting compound and/or increas- 
ing the strength of the solder joint. 
Canadian Marconi (F-111 Program), encountering the same problem, 
used a softer potting material sonsisting of a loose aluminum 
oxide filler in the module and retaining the previous potting 
compound as a containing shell only. The loose powder provided 
a low modulus media. 
Autonetics investigated strengthening the solder joint by use of 
silver solders with superior stress-rupture characteristics. The 
best solder found for this purpose consisted of 3.5% silver, 1% 
cadmium, balance tin (Alpha Metals No. 38 Alloy). However, this 
material was not used because of anticipated manufacturing prob- 
lems. Instead, the solder joints were strengthened by the easiest 
improvement to implement which was incorporation of large bifurcated 
solder posts which increased the Lead-to-solder bond area by a 
factor of four. 
6) A report by Gore and Lane (Ref 28) describes a problem s f  
solder joint and part failures in cordwood modules during an ac- 
ceptance test of five temperature cycles from -55OC to C85OC. The 
module was potted with a silica-filled epoxy resin. The stresses 
from the potting caused both electronic part and solder joint 
failures. 
This problem was solved by: (1) kinking the part leads to permit 
extension and compression of the lead with a minimum of force 
transmitted to the joint, (2) by coating the unencapsulated as- 
sembly with DC-271 to prevent adherence of the potting compound 
to the leads and the parts, and (3) by the use of two-sided 
printed circuit boards with plated-through holes to provide 
stronger solder joints. 
After this corrective action, 485 modules passed the five tempera- 
ture cycle acceptance test with one solder joint failure, and with 
no evidence of damage to the electronic parts. 
7) Burton S. Levin, of the General Electric Company, describes 
(Ref 29) the failure of an epoxy encapsulated electronic module 
in which a nickel ribbon moved during potting and subsequently 
shorted a resistor. As corrective action, an epoxy coating was 
applied to the module which prevented movement of the ribbon dur- 
ing encapsulation, 
8) A report by R. R. Prudhornme (Ref 30) describes the embedment 
pressures within modules potted with six different materials. In 
the program, carbon composition resistors were mounted in an ar- 
ray and potted. The measurements of pressure were based on the 
fact that the resistance of a carbon composition resistor varies 
with pressure in a repeatable manner. The resistor modules were 
embedded using the six materials and curing procedures shown in 
Table 8. The modules were then subjected to six 24-hour tempera- 
ture cycles from ambient to 135OC. The embedment pressures, all 
measured at ambient temperature, are shown in Figure 24. The 
pressures using Scotchcast 5090 and RTV 602 were low and were not 
plotted. One rather startling finding was that the pressures in- 
creased during the first two temperature cycles showing that com- 
plete curing of the potting was not achieved by using the manu- 
facturers' recommended curing times. This was confirmed by hard- 
ness measurements. The very high pressures measured illustrates 
the fundamental problem with potted modules. 
Table 8 Itfateria2 Mixing and Curing Procedures 
100 PBW Resin 9 PBW CAT. No, 9 De- 
gassed for 10 min. 
De-gassed for 10 min. 
100 PBW Resin to 4 PBW CAT. No. 11. 
7 PBW Part "A" to 3 PBW Part "B" 
De-gassed for 10 min. 
The lower pressures measured on Resistor No. 1 are attributed to 
the fact that this resistor was more closely surrounded by other 
resistors and this reduced the stress. This effect has been ob- 
served by other investigators. 
Resistors No. 1 and 3 were not precoated, while Resistor No. 2 was 
precoated, and the benefits of the precoat are evident in Table 9. 
The maximum pressures measured in the modules between 75°C and 
-65OC are plotted as a function of temperature in Figure 25, 
where it is shown that the pressures increase with a decrease 
in temperature further emphasizing the need of precoating to mini- 
mize stresses. 
9 )  A report by Dr. Frank Swanson (Ref 31) describes pressure 
measurements within silica-filled rigid epoxy modules and the 
effect of .RTV precoats of various thicknesses. Pressures were 
measured by using a thermometer bulb, which had been pressure 
calibrated using hydraulic pressure. The measurement was tempera- 
ture-compensated. In this program, thermometer bulbs were coated 
with Dow Corning RTV-731 and then encapsulated in a methylene 
dianiline cured, 75% (by weight) silica filled rigid epoxy. The 
encapsulating compound was cured at 170°F, resulting in a peak 
ETO 
ES?O:';::;F,; 
Figure 24 Effects of the SterCZization Procedure on Embedment Pressures 
exetherm of approximately 200UP, which is the minimum pressure 
point, Pressure readings were taken at temperatures of 160, 130, 
100, 70, 30, 0, and -30°F. The measured pressures are plotted in 
Figure 26. This data shows that the stress relief on the compo- 
nent is directly proportional to the coating thickness, and the 
conformal coating must be quite thick to significantly reduce the 
stress, 
Table 9 Effect of Potting Material, Precoating, and Temperature 
Cycling on Embedment Pressure 
While the above data suggests that 8 or 9 mils is required to 
eliminate stress, Dr. Swanson reports that a thin layer is bene- 
ficial in that it has the effect of converting localized stress 
into a distributed hydraulic stress, and his experience has shown 
that for many devices a 1-mil conformal coating is sufficient to 
prevent the component from changing electrical characteristics. 
Be reports that conformal coating, prior to encapsulation of a 
capacitor, and glass diodes eliminated device failure by convert- 
ing localized stresses to distributed hydraulic stresses, not by 
eliminating stresses. Low modu&us conformal coatings are neces- 
sary since high modulus conformal coatings transmit LocaLized 
stresses. 
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3. summary 
The thermal induced stresses imposed on parts and electrical con- 
nections as a result of the encapsulating material and process can 
frequently exceed thousands of pounds per square inch. Solid 
polyurethanes and epoxies cannot be safely used, The encapsulat- 
ing material must be a low density, high modulus, material with a 
low coefficient of thermal expansion. In a sense, it should be a 
physically weak material incapable of imparting high stress to com- 
ponents, but rigid enough to provide the desired mechanical sup- 
port. This dictates the use of materials such as microballoon- 
filled epoxy or low density polyurethane foams. However, even 
these materials can cause weld failures where the weld strengths 
are less than 7 or 8 pounds. 
In severe temperature cycle environments it may be necessary to 
use polyurethane foam with a density as low as 2 pounds per cubic 
foot. 
Low density materials are good thermal insulators and the module 
must be designed to conduct self-generated heat out of the module. 
In encapsulated modules, welding is preferred to soldering since 
welded joints are not subject to the problem of fatigue cracking 
as are solder joints. 
In evaluating and testing a candidate potting material, it must 
be remembered that the material will probably not be completely 
cured after the manufacturer's recommended cure cycle, and during 
subsequent temperature cycling, the material may increase in 
strength and hardness, to the detriment of the encapsulated parts. 
When a module is cured, a zero stress condition exists at the 
curing temperature (plus the exotherm) and when the module cools 
to room temperature, internal stresses are generated. Accordingly, 
it is usually desirable to cure at the lowest practicable tempera- 
ture. 
Thin (0.001 inch) coatings of a resilient precoat, such as RTV 
731, do not reduce the total stress on an electronic part, but 
aid in hydraulically distributing the stress over the part. 
Thick coatings (0.008 inch) appear to reduce the stress. Such 
coatings should be considered, and they have an added advantage 
of precluding electrical shorts if compment leads move during 
the final encapsulation process, 
Attempting t o  stress re l ie f  yarcs by kinking the component leads 
is ineffective unless resilient precoat is also applied to pre- 
vent a bond between the lead and the potting material. 
To verify that the encapsulating material and process will not 
damage parts, electrical connections, or cause performance shifts 
of sensitive parts, it is mandatory that the design be subjected 
to temperature cycling as described in the section of this report 
on printed circuit board assemblies. A prime difficulty in such 
testing is the difficulty of removing the potting to visually in- 
spect the electrical connections. This difficulty is largely 
alleviated if the recommended, very low density, materials are used 
since these can usually be removed by mechanical, if not chemical, 
means. 
It is concluded that while there is existing test data showing 
that multilayer boards and their solder joint configurations can 
be designed and fabricated to withstand more than 200 severe tem- 
perature cycles, there is no corresponding proof showing that 
encapsulated modules have an equivalent capability. Therefore, 
extreme attention should be given to encapsulated modules, and 
all proposed designs should be thoroughly verified by temperature 
cycling prior to the start of production. 
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